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HEART-BLOCK     FROM     DRUGS     OF     THE     DIGITALIS     GROUP. 

THE   COMPARATIVE   EFFECTS   OF   DIGITALIS,   STROPHANTHUS, 

SQUILL    AND    APOCYNUM. 

By  J.    DAVENPORT    WINDLE. 

(Southall.) 

It  is  well  established  that  the  administration  of  digitalis  causes  impairment 
of  conductivity  and  heart-block  in  some  patients.  This  happens  most  fre- 
quently in  cases  of  old  rheumatic  mitral  stenosis,  and  the  degenerative 
heart  lesions  associated  with  arterial  disease  in  which  the  function  of  the 
bundle  is  already  impaired  by  structural  changes  as  evidenced  by  a  lengthened 
a-c  interval.  In  such  cases,  small  quantities  of  digitalis  increase  the  duration 
of  the  inter.systolic  interval  and  a  slight  degree  of  heart-block  commonly 
results,  a  ventricular  intermission  recurring  after  a  variable  number  of 
regular  beats,  and  at  times  a  2  :  1  or  .*>  :  1  rhythm  ensuing.  In  jjatients 
showing  primary  heart-block  to  this  degree,  digitalis  usually  increases 
the  grade  of  block.  In  cases  which  show  no  evidence  of  primarily 
impaired  conductivity,  digitalis  does  not  readily  depress  this  function  as  a 
rule.  At  times,  as  a  quickly  acting  heart  slows  towards  the  normal  rate  as  a 
result  of  its  employment,  the  a-c  interval  lengthens  and,  exceptionally,  a 
2  :  1  rhythm  may  follow  ;  generally,  however,  this  occurs  only  after  large 
quantities  of  the  drug  have  been  taken  ;  a  higher  degree  of  heart-block  is 
but  rarely  observed,  and  complete  block  from  digitalis  is  very  exceptional.  I 
have  noticed  however  in  patients  with  arterio-sclerosis  that  small  quantities  of 
digitalis  may  produce  heart-block  when  such  an  effect  would  not  be  expected 
from  the  character  of  the  jugular  tracing.  In  one  such  case  under  my 
observation,  in  which  the  a-c  interval  was  under  I  sec.,  as  little  as  six  doses 
of  15  minims  of  the  tincture  of  digitalis  cau.sed  a  2  :  1  rhythm  on  several 
occasions.  I  have  observed  the  same  suscejitibility  in  otiier  cases  of  arterio- 
cardio-sclerosis. 

In  the  illustrative  case  described  in  this  paper,  the  comparative  degrees 
of  heart-block  provoked  by  the  administration  of  digitalis,  strophanthus, 
sq\iill  and  apocynum  are  given  ;  the  comparison  has  been  instituted  in  one 
and  the  same  patient. 

There  was  no  evidence  of  disturbed  conduction  before  the  administration 
of  drugs  began,  or  after  their  effects  had  passed  off.  Varying  degrees  of 
impaired  conductivity  and  transient  complete  dissociation  of  auricular  and 
ventricular  rhythms  occurred  under  the  influence  of  the  drugs  mentioned. 
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except  apocynum.  In  some  of  the  records  it  is  questionable  whether  the 
faiUire  of  the  ventricle  to  respond  to  auricular  impulses  was  wholly  due  to  im- 
pairment of  conduction  or  to  impairment  of  some  other  function. 

History. 

The  patient,  a  tall  spare  woman,  aged  53  years,  is  known  to  have  had 
mitral  valvular  disease  for  many  years.  Her  health  has  always  been  good, 
and  she  has  had  no  heart  symptoms  until  the  present  illness,  for  which  she 
first  came  under  observation  on  March  the  15th.  1910.  For  some  time  prior  to 
this  date  she  had  been  somewhat  breathless  after  exertion  ;  three  weeks  ago 
urgent  dyspnoea  together  with  severe  pain  "  over  the  heart  and  in  the  left 
shoulder"  occurred  ;  the  feet  and  legs  have  since  been  swollen. 

The  patient  comes  of  a  rheumatic  stock,  and  two  of  her  children  have 
had  rheumatic  fever.  She  has  had  several  attacks  of  rheumatic  fever,  the 
last  at  20  years  of  age. 

Condition,  March  the   loth,  1910. 

The  breathing  is  quick  and  short,  she  is  unable  to  lie  down  in  bed  ; 
the  pulse  is  at  100  per  minute  and  is  regular  in  rhythm,  the  beats  being  abrupt 
and  dicrotic;  the  systolic  blood  pressure  is  115.  The  chest  is  long  and 
narrow  ;  the  heart's  impulse  is  in  the  5th  space,  5^  inches  to  the  left  of  tiie 
middle  line,  and  is  feeble  and  diffuse.  No  precordial  thrill  is  palpable.  The 
heart's  dulness  is  5i  inches  to  the  left  of  the  middle  line  and  \\  inches  to 
the  ri<Tht  in  tiie  4th  space:  it  extends  upwards  to  the  left  third  rib.  On  auscul- 
tation, a  long  blowing  systolic  murmur,  replacing  the  first  sound,  is  heard 
at  the  apex  ;  it  is  conducted  outwards  and  heard  at  the  back.  The  second 
sound  is  clear  and  no  murmur  is  heard  during  diastole  ;  the  sounds  at  the 
base  of  the  heart  are  clear,  the  second  sound  in  the  pulmonary  area  is  ac- 
centuated. Pulsation  is  evident  in  the  superficial,  but  not  in  the  deep 
jugular  veins  ;  the  liver  is  not  palpable  ;  there  is  no  ascites  ;  the  feet  and 
legs  are  very  swollen.  The  urine  is  scanty  ;  its  specific  gravity  is  1025  and 
it  is  loaded  with  albumin. 

Subsequent  history. 

With  complete  rest  in  bed,  together  with  administration  of  digitalis, 
the  symptoms  gradually  cleared  up,  and  by  the  12th  day  of  treatment 
the  heart  had  diminished  in  size  ;  the  breathing  was  normal,  the  dropsy 
was  trone  and  the  copious  urine  contained  only  a  trace  of  albumin.  Pro- 
nounced symptoms  of  heart  failure  recurred  on  several  occasions, 
and  bodily  weakness  became  progressively  greater.  The  patient  died  in  a 
comatose  condition  after  an  attack  of  hemiplegia  lOJ  months  subsequent 
to  the  first  onset  of  heart  symptoms. 
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Administration  of  digitalis. 

The  administration  of  digitalis  was  begun  on  JIarch  tlio  intli,  1910,  15 
minims  being  given  three  times  a  day. 


Fie.    1.     Tracing  uf  jugiilar  ami  radial   [>iilses  befoi'u  tj^iilalis.      Pulso  rate    100  jut  uiiii..     Tho 
a  c  interval  is  imdor  \  sec. 

Fig.  1  is  a  record  of  juguhxr  and  radial  jiulses  before  digitalis  was  given  ; 
it  shows  no  evidence  of  imjiaired  conductivity  ;  the  a-c  interval  is  less  than  \ 
sec.  ;  the  pulse  continued  regular  up  to  the  12th  day  of  observation  when  an 
occasional  intermission  was  noticed,  suggesting  an  extrasystole  too  feeble 
to  send  a  wave  to  the  wrist.  Against  this  were  the  facts  that  the  heart- 
beat intermitted  witli  the  radial  pulse,  and  no  sounds  could  be  heard  over 
tlie  heart  during  these  pauses.  Tiic  nature  of  tlie  irregularit\-  is  made  clear 
in  Fig.  2. 
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Fis.  2.  Takon  on  tin,  12th  day,  af tor  .''140 minims  tini-t.  diijitalis.  TuIsb  rate  abmit  7.',  per  miii.. 
Sinus  arrhvtliinia  is  |ireseiit.  Tliii  n-c  iiitor\al  varies  fnim  !  sec.  to  §  sec.  in  tlie  lieats 
iMimediatel>'  ]ni*cei!inu   I  lie  intermissieii. 


In  Fig.  2  the  intermissions  result  from  the  blocking  of  auricular  impulses. 
Imi)airment  of  conductivity  is  shown  by  the  increased  duration  of  the  a-c 
interval  which  is  nearly  ■:;  sec.  in  the  beats  immediately  preceding  the 
blocked  auricular  contractions.  The  de])ression  of  conductivity  cannot  be 
ascribed  to  increased  rate  of  the  auricle,  for  it  is  beating  less  frequentlv. 
but  its  rhythm  is  not  now  quite  regular,  variations  in  length  of  the  inter- 
auricular  jieriods  occuring  here  and  there  (comjiare  Fig.  1). 

Although  the  clianges  in  auricular  rate  are  slight,  they  suffice  to  influence 
the  conduction  of  impulses,  the  a-r  interval  lengthening  out  with  the  shorter 
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periods,  and  the  contrary.  In  the  beat  immediately  preceding  the  first 
intermission  the  a-c  interval  is  approximately  'i  see.  and  the  next  auricular 
stimulus  fails  to  pass  ;  with  the  succeeding  beat  conductivity  is  restored  and 
the  stimulus  passes  in  the  normal  time,  but  its  rate  of  transmission  is  again 
delayed,  and  ventricular  intermission  recurs  after  the  tenth  beat.  These 
changes  were  fairly  constant  over  long  tracings.  Similar  events  are  more 
clearly  shown  in  Fig.  11. 

The  patient's  condition  at  this  time  was  in  every  way  satisfactory  and 
tlie  digitalis  was  continued  in  the  same  doses.  On  the  13th  day  a  coupled 
rhythm  of  the  pulse  was  almost  constantly  ]iresent  when  the  patient  was 
quiet. 

To  the  finger  the  character  of  the  radial  pulse  closely  resembled  that  due 
to  regularly  recurring  extrasystoles,  and  this  was  to  some  extent  supported 
Ijy  auscultation,  cou])led  beats  being  followed  by  a  long  pause,  but  the  sounds 
with  the  second  beat,  instead  of  being  shorter  and  more  feeble  than  those 
of  the  first  beat  which  is  usual  in  extras\'stole,  were  of  the  same  strength  and 
duration.  The  nature  of  the  irregularity  could  not  be  certainly  determined 
apart  from  the  jugular  tracing  and  this  showed  that  the  bigeminy  was  caused 
by  blocking  of  every  third  auricular  impulse.  On  slight  exertion  the  pulse 
(piickened  and  became  regular,  but  quickly  took  on  the  bigeminal  rhythm 


r<f»iilfrri>Frfr^llr»TfTriTrif'»i|ifrrtr'i>iir- 


'  T   »    F    I — r-  T»  I  -T~v^~y    I    I    I    ■    r  I 


Fin.  3-  T.ikon  on  the  13th  day,  immediately  after  sUgUt  exercise  and  wlion  10  drachms  tiiict. 
iligitalis  liad  been  taken.  Tho  rt-c  interval  after  the  short  pulse  periods  is  double  the  duration 
of  that  after  the  long  pauses. 


a^ain.  This  is  shown  in  Fig.  .3  \\liioii  was  obtained  within  two  mimites 
after  quickening  of  the  pulse,  induced  by  the  patient  sitting  up  and  lying 
down  in  bed  a  few  times,  had  occiu'red. 

The  a-c  interval  after  the  short  pulse  periods  is  double  the  duration  of 
that  after  the  long  pauses. 

On  the  14th  day,  after  lOi  drachms  of  tincture  of  digitalis  had  been  taken, 
vomiting  ensued  ;  otherwise  the  general  condition  was  very  satisfactory. 
The  symptom  quickly  subsided  after  a  few  20  grain  doses  of  carbonate  of 
bismuth  had  been  given. 


DIGITALIS     HE  A  R  T-D  L  0  C  h\ 


■  V    *     V    «    t 


-^r— V  ■'  V  -  TT'  V—  T'  "*" 


-r    '^-V'V     yK    T|>TFr* 


,1  ,« 


Fig.   4.     Shows  an  alternate  l)it,'ommy  ;  tlie  a-c  intei'val  is  fully  i  sec.  after  the  short  pulse  periods  ; 
lOJ  drachms  tinct.  digitalis  had  been  taken  when  this  record  was  obtained. 

Fig.  4  shows  a  polygraph  tracing  talcen  on  this  day  ;  further  depression 
of  conductivity  is  show  n  ;  a  period  of  1  :  1  rhythm  being  regularly  followed 
by  two  periods  of  2  :  1  rhythm,  giving  rise  to  an  alternate  bigeminy. 

From  left  to  right  the  venous  curve  shows  the  following  events.  'I'iie 
first  a  wave  is  followed  by  a  ventricular  systole  ;  the  next  auricular  im]tulse 
fails  to  get  through.  The  third  auricular  beat  as  a  result  of  the  prolonged  rest 
is  transmitted  at  the  normal  rate.  The  fourth  auricular  systole  is  also  trans- 
mitted to  the  ventricle,  but,  as  the  result  of  the  shorter  time  allowed  for  the 
recovery  of  conductivity,  this  stimulus  passes  at  a  much  slower  rate,  the 
duration  of  the  a-c  interval  is  doubled.  The  transmission  of  this  impulse 
so  impairs  conductivity  that  it  is  not  restored  by  the  time  the  next  auricular 
stimulus  occurs  and  this  fails  to  get  through. 

Administration  of  strophanikus. 

The  patient  continued  to  imjirove  and  was  soon  sufficiently  well  to  go 
away  for  a  change.  She  was  from  home  about  three  months  ;  during  her 
absence,  an  attack  of  hemiijlegia  with  aphasia  occurred,  probably  from 
embolus.  Three  weeks  before  i-eturning  home,  symptoms  of  heart  failure 
recurred,  and  when  she  again  came  under  my  care  the  condition  was  much 
the  same  as  on  the  first  occasion.  Tincture  of  strophanthus,  in  doses  of 
15  minims,  w  as  administered  four  times  a  day  and  w  as  continued  in  the  same 
doses  for  thirteen  days. 


r  I  r  i  1  ;  .  m  i  n  i  ■  ■  ■  r  r  i  r  > » i  1 1  1 1  1 1 1  r  r  r  m  irrT-'r»r'»rtrtirrr>rnrrirT 


>  >  f  I  r  n  I ' 


Fig.  5.     Record    of    radial    and    jugular    pulses,    before  the  administration  of  strophanthus. 
Pulse  rate  75  per  miii..     The  a-c  interval  is  under  J  sec 

Fig.  5  is  the  record  taken  before  strophanthus,  the  rhythm  is  regular  and 
the  rate  75  per  minute,  the  a-c  interval  being  under  !  sec.     It  is  identical 
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with  Firr.  1,     The  first  change  in  the  j)ulse  was  noticed  on  tlie  l!)th  day  after 
administration  ;  that  is  to  say,  after  540  minims  had  been  taken. 


Fig.   r>.     OI)tainHil  nn  the  iiiiilli  (lay,  at'twr  .')40  minims  tinct.  strDplianthus  liad  boen  given.     An 
alloniato  Ijigtuniny  is  [irosont.     C'limparo  Fig.  -i  undor  digitalis. 

The  ventricle  showed  an  alternate  bigeminy  (.Fig.  6)  ;  in  this  connection 
it  is  interesting  to  compare  Fig.  4  (under  digitalis)  in  which  the  rhythm  is  the 
same  and  the  rates  of  the  l)igeminal  and  single  boats  are  equal  ;  the  duration 
of  the  a-c  interval  after  the  shorter  pulse  periods  is  approximately  iV  sec.  less 
under  strophanthus.  Two  days  later,  the  pulse  was  almost  perfectly  regular 
when  the  patient  was  quiet. 


Fig.   7.     Takou  two  ilay.'S  altur  Fig.  li.     .Slunvs  a  coutinuuua  -  :  1  lioart-bluuk. 


Fig.  7  was  taken  at  tliis  time  ;  tiie  radial  jjulso  was  43  per  minute, 
the  heart's  impulse  and  sounds  currespijiided  ;  without  knowledge  of  the 
existing  condition,  heart-block  would  probably  not  have  been  thought  of; 
and  at  first  sight  it  is  not  suggested  by  the  radial  and  jugular  tracing, 
the  u-c  interval  is  normal  and  the  venous  curve  closely  resembles  an  ordinary 
a-c-v  pulsation  :  measurement  however  clearly  shows  a  condition  of  2:1 
heart-block,  a  and  v  fusing,  antl  where  they  fall  together  the  wave  is  exag- 
gerated. Moreover,  slowing  of  the  ventricle  under  drugs  of  the  digitalis 
group,  to  a  rate  of  43  \)cv  minute  and  with  the  normal  pacemaker  active, 
has  perhaps  never  been  observed  apart  from  heart-block. 

The  symjitoms  at  this  time  were  much  improved  ;  the  patient  expe- 
rienced slight  nausea,  but  there  was  no  vomiting.  It  was  deemed  expedient 
to  continue  the  administration  of  strojihanthus  in  tlie  same  doses  but  at 
longer  intervals:     15  minims,   tlirice  daily,   were  prescribed.     >She  was  not 
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seen  again  until  the  13tii  day:  '^y  tliis  time  approximately  12  drachms 
of  tincture  ot  .strojihanthus  had  been  taken,  somewhat  severe  vomiting  had 
occurred,  but  otherwise  the  condition  was  much  the  same.  The  heart's  action 
was  irregular. 
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Fig.    S.      Tiikon  on   tlii>  tliii'ludiitli  ilav.nftor    12  (Iraclinis  tini-t.  stro[ilmnthus.      Slmws  2:  land 
3  ;  1  rhythms.     Thtiro  i-s  nu  xariatiwn  in  tho  a  c  inter\al  with  tlio  bigeminal  boats. 

The  curves  are  comi)lex  (Fig.  iS)  :  a  notable  feature  in  the  absence  of 
any  evidence  of  impairment  of  conductivity,  the  a-c  interval,  corresponding 
to  the  bigeminal  heat  of  the  radial  pulse,  does  not  exceed  i  sec.  ;  thus  there  is 
no  evidence  of  sufficient  depression  of  conductivity  to  explain  the  blocking 
of  stimuli  from  this  cause.  We  should  expect  the  interval  to  be  longer  than 
J  sec.  after  the  transmission  of  two  successive  stimuli,  that  is  to  say,  with  the 
second  beat  of  the  bigeminy  (comjjare  Fig.  4). 

The  udministratioti  of  squill. 

After  the  cessation  of  strojihanthus  the  patient  continued  fairly  well 
for  about  six  weeks,  and  was  able  to  get  about  the  house  comfortably  ; 
symptoms  of  failure  again  gradually  ensued  and  when  she  came  under 
observation  for  this  attack,  dyspncra  was  urgent  ;  the  drop.sy  \\as  more 
severe  and  extensive  than  before  ;  the  urine  w  as  very  scanty  and  w  as  loaded 
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Fig.   9.     Taken  before  the  administration  of  squill.       Tnlse  rate  "u  per  niiii.: 


a-c  interval  normal. 


with  albumin.     The  condition  of  the  pulse  is  shown  in  Fig.  9,  a  curve  taken 
before  the  administration  of  scpiill  was  begun. 

The  drug  \\as  given  four  times  a  day  in  doses  of  30  minims  without 
intermission.  Improvement  was  rapid  ;  no  vomiting  occurred  at  any  time, 
on  the  lOth  day  slight  nausea  was  experienced  when  squill  was  discontinued. 
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Fig.   10.     Sliows  a  ruKiilar  slowing  of  tho  piilso  to  Jo  per  luiii..     ac  interval  full  !  sec.     After 
480  minims  squill. 

The  first  effect  is  shown  in  this  figure  (Fig.  10),  in  which  there  is  a  regular 
slowing  of  the  heart  to  55  a  minute  with  sUght  delay  in  conductivity,  the  a-c 
interval  being  a  full  i  sec.  This  tracing  was  obtained  after  480  minims 
had  been  taken  ;    two  days  later  another  tracing  (Fig.  11)  was  taken. 


Fig.  11.  Taken  two  clays  after  Fig.  10.  The  regular  rhythm  in  the  first  part  of  tho  tracing  is 
succeeded  by  four  quicker  beats,  and  the  a-c  interval  progressively  lengthens  out  to  |  seO.. 
Two  periods  of  2  :  1  block  succeed. 

In  the  first  part  of  the  tracing  the  pulse  is  regular  and  60  per  minute ; 
the  a-c  interval  is  normal.  The  regular  rhythm  is  succeeded  by  a  run  of 
four  quicker  beats  with  a  slight  but  gradual  increase  in  the  a-c  interval ; 
t\\o  periods  of  2  :  1  heart-block  succeed. 

On  the  7th  day,  after  840  minims  of  tincture  of  squill  had  been  taken,  a 


Fig.  12.     Taken  on  the  seventh  day,  after  840  minims  squill.     Shows  2  :  1  heart- block.     Compare 
Fig.  4. 

condition  of  2  :  1  heart-block  was  present  (Fig.  12)  over  long  runs  of  tracing 
(compare  this  figure  with  Fig.  4). 
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Tlic  patient-  was  not  seen  again  until  the  10th  day,  when,  after  approxi- 
n.ately  20  draehnis  of  the  tincture  had  been  taken,  nausea  ensued  for  the 
first  time  but  \\  ithout  vomiting.  The  general  condition  was  very  satisfactory, 
breathing  was  easy,  no  dropsy  was  present  and  she  ex])ressed  herself  as  feeling 
very  well.  She  felt  no  distress  about  the  heart  and  was  quite  unconscious 
of  the  irregularity  which  is  shown  in  Fig.  13. 

This  tracing  is  of  exceptional  interest,  since  it  shows  dissociation 
of  auricular  and  ventriculai'  rhythms.  From  left  to  right  in  the  figure 
there  are  first  two  periods  of  2  :  1  heart-block,  the  succeeding  auricular 
impulse  gets  through  ;  the  four  following  radial  pulses  represent  idio- 
ventricular contractions  ;  complete  dissociation  is  present  during  this 
period  ;  there  are  nine  auricular  contractions  to  four  of  the  ventricle  ;  the 
independence  of  rhythm  is  obvious,  a  falls  at  various  times  in  relation  to 
f,  and  where  a  and  c  fall  together  the  resultant  wave  is  more  pronounced  ; 
this  is  brought  about  by  the  simultaneous  contraction  of  auricle  and  ven- 
tricle ;  the  rate  of  the  ventricle  is  34  per  minute,  that  of  the  auricle  72. 
Succeeding  this  jicriod  of  complete  dissociation  a  2  :  I  block  starts  at  the 
ninth  radial  beat,  the  next  auricular  impulse  gets  through  and  complete 
dissociation  then  appears  once  more. 

The  grades  of  heart-block  illustrated  in  this  figure  recurred  with  notable 
regularity  over  long  tracings.  No  constant  relationship  between  their 
sequence  and  the  respiratory  movements  was  evident ;  the  I  :  1  rhythm, 
however,  fell  during  insjiiration  with  a  sufficient  frequence  to  suggest  some 
relationship.  Other  waves  are  present  in  the  tracing  in  addition  to  the 
usual  a,  c  and  v  waves  ;  these  are  marked  b  and  6',  the  latter  occurs  between 
successive  auricular  systoles. 

A  wave  occupying  this  position  in  cases  of  heart  block  has  been  described 
by  Gibson  and  Ritchie,^  and  also  by  Wenckebach.-  The  letter  observers 
believe  this  wave  to  be  the  exjiression  of  the  rise  in  pressure  of  the  jugular 
vein  induced  by  the  rhythmical  contraction  of  the  muscular  fibres  of  the 
superior  vena  cava. 

There  is  another  possible  explanation  which  seems  more  probable,  in 
this  ease  at  least. 

At  X,  in  the  middle  of  the  tracing,  a  wave  b  will  be  seen  immediately 
succeeding  the  v  wave  ;  there  can  be  little  doubt  from  its  ))osition  that  this 
is  the  b  wave  described  by  Hirsehfelder  and  Gibson  of  Oxford,  and  attributed 
to  diastolic  closure  of  the  auriculo-ventricular  valves.  1  think  the  wave 
b'  bears  the  same  exjilanation.  This  view  is  supported  by  the  fact  that 
on  auscultation  a  well  marked  third  sound  was  heard,  coinciding,  so  far  as 
could  be  estimated,  with  the  rise  in  the  tracing  marked  b'.  Both  the  sound 
and  the  wave  are  explicable  on  the  assumption  that  the  inrush  of  blood 
from  the  contraction  of  the  auricles  opens  the  auriculo-ventricular  valves  and 
that  they  at  once  come  into  apposition  again  as  the  result  of  back  flow  from 
ventricular  distention. 
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In  another  conimunieation'  I  have  iUustrated  the  occurrence  of  this 
wave  in  other  cases  after  the  administration  of  digitaUs. 

The  effects  of  apocynum. 

On  December  the  6th,  1!)10,  symptoms  of  heart  failure  were  again  in 
evidence,  the  pulse  was  (piite  regular  at  100  per  minute.  The  patient  was 
extremely  breathless  on  the  least  exertion,  and  the  feet  and  legs  were  swollen. 
Extract  of  apocynum  in  doses  of  ';  grain  was  given  three  times  a  day*  and  the 
patient  was  kept  in  bed.  The  drug  had  no  noticeable  effect  on  the  pulse 
until  the  ninth  day,  when  the  rate  was  75  per  minute.  The  tracings  are  not 
reproduced  since  they  present  no  features  of  interest ;  the  conduction  of 
impulses  was  not  impaired.  On  this  day  somewhat  severe  vomiting  and 
diarrhtea  ensued  and  the  drug  was  omitted. 


Digitalis. 


StkoI'Uanthus. 


SyClLL. 


13  iiuiiiiub  tliroo  times 
a  da}". 

Fivst  el'foft  (III  CMI1- 
duclivity  potiuod  on 
thi>  ll'tl'i  ilay,  after 
J40  jiiininis. 

13tli      day      cuU|ilod 
rhythia. 

Uth     day,   uttor     10.1 
drachms,    altoiiialo 
1  :  I     and     2  :  1 
rhythm.    N'umiting. 


15  minims  fuur  times 
a  day. 

First  effect  on  con- 
duoti\ity  on  tlio 
'Jth.  day  after  540 
muiims. 

Alternate  ijigommy  ; 
two  days  later 
2  :  1  lieart- block. 
Nausea. 

13th  day,  after  12 
drachms  strophan- 
tlms  had  been 
taken,  severe  vom- 
iting, 2 :  1  and  3 :  1 
rhythms. 


30  minims  four  times 
a  day. 

First  effect  on  con- 
ductivity on  the 
7th  day",  after  740 
minims  hail  boon 
taken.  Long  runs 
of  2  :  1  heart-block. 

On  10th  daj-,  after 
20  drachms,  com- 
plete dissociation. 
Nausea,  but  no 
vomitiDg. 


Al'OCVNUM. 


grain  throe  times 
a  day  fi.r  nine  ilays. 
Vomiting  and 
diarrhiea.  No 
ofl'ect  on  conduc- 
tivity. I'ulseslowed 
from  95-75. 


Summary. 

(1).  A  case  of  rheumatic  mitral  disease  is  described  in  which  various 
degrees  of  heart-block  resulted  from  the  administration  of  digitalis,  strop- 
hanthus  and  squill,  respectively,  during  attacks  of  heart  failure  with  dropsy. 
Marked  improvement  in  the  patient's  condition  was  manifest  under  the 
full  influence  of  each  drug.  The  administration  of  apocynum  had  no  effect 
on  the  conduction  of  impulses. 

(2).  A  notable  feature  in  the  records,  taken  before  these  drugs  were 
given  and  after  their  effects  had  passed  oft',  was  the  absence  of  impaired 
conductivity  as  evidenced  by  the  duration  of  the  intersystohc  interval. 


•  The  extract  was  prepared  in  tablet  form  for  me  by  Messrs.  Willows,  Francis,  Butler  &  Co. 
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(3).  It  has  generally  been  thought  that  drugs  of  the  digitalis  group 
as  a  rule  only  depress  conductivity,  when  this  function  is  primarily  inipared, 
as  evidenced  by  a  lengthened  a-c  interval  Tlie  present  case  suggests  that 
an  actual  or  potential  impairment  of  conductivity  may  exist  with  a  normal 
intersystolic  period  ;  the  facts  of  another  case  incidentally  referred  to  lend 
support  to  this  view. 

(4).  In  some  of  the  records,  absence  of  ventricular  response  to  the 
corresponding  auricular  impulse  is  shown,  thougli  tlie  stimulus  is  apparently 
conducted  at  the  normal  rate  in  the  beats  immediately  preceding. 

(5).  In  some  of  the  figures  an  extra  wave,  6',  succeeds  the  blocked 
auricular  impulse  ;  this  wave  is  ascribed  to  the  oi^ening  of  the  auriculo- 
ventricular  valves  by  the  contraction  of  the  auricle,  and  their  subsequent 
closure  from  back  flow  of  the  inrushing  blood. 
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PULSUS    IRREGULARIS    PERPETUUS    WITH    FIBROSIS    OF    THE 

SINUS    NODE.* 

By    G.    draper. 

(Eorkejolhr   InMifute,    New   York). 

The  sinus  node  of  Keith  and  Flaek'''  is  now  generally  accepted  as  an 
anatomical  entity.  There  is  also  convincing  evidence  that  it  is  in  this 
structure  that  the  heart  beat  arises. f  The  ctTects  of  pathological  changes 
in  tiie  node  are  not  yet  definitely  established,  however,  and  for  that  reason, 
the  present  case  of  pulsus  irregularis  perpetuus,  in  vvhich  fibrosis  of  the 
node  was  present,  is  rejiorted. 

Dehio,^  and  more  especially  his  pu])il  Radasewsky,^'  Henchen^ 
and  Koch'  have  shown  that  extensive  fibrotic  ciianges  in  the  right  auricle 
are  very  often  found  in  liearts  that  have  l)een  arrhythmic.  Recently,  Koch 
has  reported  a  small  series  of  cases,  clinically  diagnosed  "  pulsus  irregularis 
perpetuus,"  whose  hearts  showed  advanced  fibrotic  changes  of  the  right 
auricle,  especially  dense  in  the  sinus  node  ;  but  later,  Hedinger^  and  his 
])U|)il,  Schonberg,^*  published  separately  a  series  of  cases  of  perpetual 
arriiythmia  and  described  the  most  advanced  changes  in  the  so-called  bundle 
of  Wenckebach.  Though  each  school  of  observers  tends  to  favour  its  par- 
ticular findings,  it  is  only  fair  to  say  that  eacli  considers  the  general  disease 
of  the  right  auricle  as  the  ])athological  factor  es.sential  to  the  clinical  picture. 

Tlie  present  case  belongs  in  the  group  described  by  Koch,  for  the  most 
intense  changes  are  in  and  about  Keitii's  node.  The  patient,  a  man  of  sixty 
years,  first  sought  treatment  in  the  Pennsylvania  Hospital  for  his  present 
complaint  of  dysi^nwa  two  years  ago.  Forty  years  before,  he  had  had 
pneumonia  and  ten  years  later  a  long  course  of  rheumatism.  Since  his  early 
manhood,  lie  had  smoked  fifteen  cigars  and  drunk  about  a  pint  of  whisky 
daily.  His  denial  of  syphilis  was  subsequently  strengthened  by  a  negative 
Wasserniann    reaction . 

Phi/sicdl  exa)nination  :  Patient  in  great  dyspnoea,  with  rapid,  grunting 
expirations.  There  is  noticeal)le  exoi^hthalmos.  The  venules  over  the 
face  and  nose  are  dilated  ;  this  condition  also  exists  along  the  attachment 
of  the  dia])hragm.     The  heart  is  enlarged  to  the  left,  but  the  border  cannot 


*   From  the  .Aver  Clinical  Lnbor.itDry  of  the  Pennsylvania  Hospital,  Philadelpliia. 

+  .J:igin-''  has  shiiwn  tliat  di'struetiiin  <if  tho  rogion  of  Keitli  and  Flaek's  nodo  oaiisos  no 
r-lianso  in  aurifular  rhythm,  hut  this  work  has  not  been  eonfirined.  Th.  Lewis, ^  on  tho  other 
liami,  hy  galvivnoinotric  curves,  clearly  shows  that  region  to  bo  tho  pace-maker  of  the  heart. 
Recent  work  of  Lewis  and  Oppenheimer'"  confirms  this,  as  also  does  tlie  report  of  C'ohu  aiid 
Kessol.' 

He:irt.  Vol.  HI,  X...  1. 
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be  definitely  determined,  o\\ing  to  the  adjacent  flatness  of  note  in  the  left 
axilla  and  posterior  left  chest.  The  apex  sounds  are  best  heard  in  the  sixth 
left  interspace  13  cm.  from  the  mid-line.  Here,  there  is  no  definite  murmur, 
but  in  the  second  right  space  there  is  a  soft,  systolic  bruit.  The  aortic 
second  sound  is  clear  and  ringing.  The  pulse  is  eighty-eight  per  minute 
and  described  as  of  "  poor  tension  and  volume  '"  ;  liut  the  blood  pressure 
is  recorded  "'Systolic  170;  Diastolic  120  mm.  Hg.".  On  the  day  before 
discharge  (five  weeks  after  admission)  there  is  a  note  that  the  heart  is 
irregular. 

Re-admission.  The  patient  returned  to  the  Pennsylvania  hospital 
after  ten  months,  with  dyspnoea,  dizziness  in  the  morning  and  noises  in  his 
head.  For  the  past  two  weeks,  the  constant  tinnitus  was  relieved  only  by 
bending  forward.  Urine  scanty  for  two  days  past.  Physical  examination 
reveals  a  patient  with  florid  complexion,  slightly  jaundiced  and  with  lips 
cyanotic.  Exophthalmos  is  marked.  The  blood  vessels  are  sclerotic  and  the 
veins  of  the  neck  are  ]iromhient  and  ])ulsate.  The  right  border  of  the  heart 
is  2-5  cm.  to  the  right  of  the  sternal  edge  ;  the  left  lies  in  the  sixth  space 
10  cjn.  to  the  left  of  the  mid-line.  No  impulse  is  visible  or  palpable.  The 
heart  sounds  are  very  irregidar,  weak,  slow  and  often  bigeminal*  in  character. 
At  the  mitral  and  tricuspid  areas  there  are  harsh,  blowing,  exi)losive,  .systolic 
murmurs.  There  is  no  thrill.  All  the  heart  beats  reach  the  wrist.  The  feet 
are  cold  ;  the  tips  of  the  toes  are  bluish.  No  pulse  is  felt  in  the  dorsalis 
pedis  or  tibials  of  either  foot.     The  feet  are  painful  and  tender. 

Note  three  days  after  admission  :  The  sounds  at  the  apex  are  in  coujiles. 
The  second  beat  of  the  pair  is  more  feeble  than  the  first  and  seldom  sends  the 
pidse  wave  further  than  the  carotid  artery.  This  couplet  of  Ijeats  is  followed 
by  a  pause  of  varying  length  and  then  by  another  pair,  or  less  fref[uently, 
bj'  a  very  weak,  poorly  defined,  single  beat  which  does  not  reach  the  wrist. 

Note  nine  days  after  admission  and  the  day  before  death.  The  bigeminal 
rhythm  is  no  longer  j^resent,  but  there  is  now  an  irregular  arrhythmia  in 
which  every  beat  reaches  the  wrist. 

Tracings  taken  from  the  case  on  three  different  occasions  show  in  general 
the  same  characteristics.  Those  from  the  date  of  April  the  21st,  1910, 
three  days  after  admission,  indicate  the  bigeminal  action  described  in  the 
clinical  notes.  The  last  set  of  tracings,  made  six  days  before  the  jiatient's 
death,  are  very  similar  to  the  first  set,  dated  April  the  19th,  1910  (Fig.  1 
and  2).  No  later  ones  were  made.  At  no  time  could  a  tracing  from  the  apex 
impulse  be  obtained. 

Except  for  the  examples  of  bigeminal  action,  which  represent  relatively 
short  jJeriods  of  time,  the  heart  was  constantly  irregular.     The  jugular  curve 

*  Tlie  term  bigpminal  is  used  hero  not  in  W'onokohacli's  restricted  sense,  but  in  tlie  one 
siiggosted  l>y  Lewis.  Unfortunately,  eleotrocardiogranis  could  not  bo  obtained,  so  that  the 
point  of  origin  of  the  second  boat  could  not  bo  absolutely  determined. 
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shows  practically  the  i)ure  ventricular  type,  except  that  the  very  large  v  wave 
is  separated  from  the  c  wave  by  a  notch  of  varying  depth.  Such  curves 
resemble  in  considerable  detail  those  published  by  Mackenzie, ^^  from  the 
eases  termed  by  him  "  nodal  bradycardia  ".  Very  long  and  large  diastolic 
filling  waves  occur  in  almost  every  tracing.  The  a  wave  i.s  not  definitely 
present  in  any  of  the  curves.  In  Fig.  1 ,  it  is  possible  that  the  wave  so  marked 
really  represents  co-ordinate  auricular  contraction  ;  but  in  all  the  tracings 
from  the  case,  this  is  the  only  instance  of  the  sort.  On  the  other  hand,  in  the 
long  diastolic  j^ause  preceding  the  fifth  wave  in  Fig.  1,  faint  undulations, 
suggesting  fibrillation  of  the  auricle,  appear.  The  number  of  the  ventricular 
contractions  per  minute  was  calculated  from  several  strips  of  tracing  and 
showed  during  the  bigeminal  rhythm  the  following  rates  :  55,  45-2,  63-4. 
\\1ien  a  single  rhythm  existed,  the  rates  were  lower  :  30-6,  500,  33-3  and 
3G1. 

In  this  present  case,  the  auricles  may  be  assumed  to  be  in  a  state  of 
fibrillation  because  of  the  complete  character  of  the  arrhythmia  and  the 
form  of  the  venous  pulse.  As  will  be  seen  later  from  the  description  of  the 
sections  from  the  case  here  reported,  di.sease  of  part  of  the  conducting 
apparatus  existed. 

Pfl.'if-7nortew. 

The  patient  came  to  autopsy,  and  the  following  notes  are  taken  from  the 
post-mortem  record.  Anatomical  diagnosis.  Mitral  and  aortic  endo- 
carditis (aortic  stenosis  and  insufficiency)  ;  advanced  parietal  endocarditis 
with  calcification  ;  endarteritis  deformans  of  aorta  and  coronary  arteries  ; 
chronic  cardiac  hypertrophy  and  dilatation  ;  fatty  degeneration  of  the 
heart  ;  acute  fibrinous  pericarditis  ;  chronic  fibrous  pericarditis  ;  pidmonary 
cedema  ;  chronic  pidmonary  emphysema  ;  chronic  passive  congestion  of  all 
viscera  ;  chronic  interstitial  nephritis  ;  infarction  of  spleen.  A  detailed 
description  of  the  other  viscera  is  omitted,  because  all  showed  the  usual 
cliangcs  found  in  chronic  heart  disease.  The  descrijition  of  the  heart, 
however,  follows.  The  parietal  pericardium  is  found  to  be  adherent  every- 
where to  the  surface  of  the  heart  by  rather  soft  fibrinous  adhesions, 
which  being  separated  leave  shaggy  surfaces.  A  small  amount  of  bloody 
fluid  exudes  in  the  separation.  The  heart  weighs  700  grammes.  The 
epicardium  is  covered  almost  everywhere  by  a  rough  beard-like  fibrinous 
exudate.  In  some  places  also,  there  are  milk-white  patches.  The  epicardial 
fat  is  increased  in  amount.  On  the  right  side  of  the  heart  the  cavities  are 
found  to  be  dilated.  There  is  a  thrombus  in  the  tip  of  the  right  auricular 
appendage.  The  endocardium  is  smooth  and  glistening,  here  and  there 
showing  some  wliitisli  thickenings  and  the  heart  muscle  shining  through 
is  rather  yellowish  brown  in  colour.  The  foramen  ovale  is  closed.  Tlie 
tricuspid  valves  have  only  lost  their  delicacy  to  a  slight  degree.  The  jndmonic 
valves   show   a   similar   condition.     The    pulmonic    artery    presents   a   few 
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small  yellowish  flecks.  On  opening  the  left  side  of  the  heart,  the  endo- 
cardium is  again  smooth  and  glistening,  except  at  the  base  of  the  aortic 
leaflet  of  the  mitral  valve  A\here  there  is  a  dense  yellowish  thickening  that 
extends  outward  beneath  the  aortic  valves  toward  the  undefended  space. 
The  endocardium  below  this,  in  the  region  of  the  bundle  of  His,  shows  rather 
grayish  thickening.  This  condition  increases  as  the  apex  of  the  cavity  is 
approached,  where  the  endocardium  takes  on  a  very  thick  tough  yellow 
appearance  and  in  the  extreme  tip  has  definite  calcareous  deposits.  The 
mitral  valve  is  somewhat  thickened  in  a  diffuse  way  and  along  its  margin 
are  numerous  small  subacute  vegetations.  The  aortic  valve  is  very  much 
thickened  and  the  cusps  are  fused  at  their  angles  for  several  milhmeters. 
The  margins  of  their  attachments  are  much  thickened  and  apparently 
contain  some  lime  deiiosits.  The  coronary  arteries  are  much  diseased, 
presenting  great  thickening  and  yellowish  patches  and  frequent  depositions 
of  lime  salts.  The  base  of  the  aorta  is  also  the  seat  of  many  patches  of 
j'ellowish  thickening,  which  often  contain  lime  salts.  The  descending  aorta 
is  somewhat  dilated.  The  muscle,  though  very  thick,  is  distinctly  soft 
in  consistency,  and  on  section  presents  many  yellowish  fleckings.  The 
aorta  is  extensively  diseased  throughout  its  entire  length,  presenting  a 
series  of  irregular,  yellowish  thickenings  and  ulcers,  many  of  which  contain 
calcium  salts. 

For  microscopical  study,  blocks  of  tissue  were  taken  from  various 
portions  of  the  heart  as  follows  : — 

/.     Wall  of  left  ventricle  (left  outer). 

II.     Thickened  endocardium  and  subjacent  muscle  of  ventricular 
septum  (left  side). 

///.     Papillary  muscle  (left  ventricle)  and  chordoB  tendinece. 

I  V.     Auriculo-ventricular  junction. 

V.     Three  parts  of  right  auricle,  one  of  which  was  from  the  region 
of  the  so-called  Wenckebach  bundle. 

VI.     Junction  of  superior  vena  cava  and  right  auricle. 

/. — Wall  of  left  ventricle.  One  margin  of  the  section  presents  a  layer 
of  young  connective  and  fat  tissue,  surmounted  by  an  irregular  mass  of 
fibrin,  showing  organization  in  places.  The  other  margin  (endocardium) 
shows  a  wide  strip  of  most  extensive  fibrous  change.  Indeed  the  great  dense 
masses  of  fibrous  tissue  cover  more  space  than  the  muscle  bundles.  This 
fibrous  tissue  contains  few  cells  and  looks  old.  The  muscle  fibres  show 
the  cross  striations  fairly  well. 

//. — Endocardium  of  ventricular  septum  and  subjacent  muscle.  Sections 
show  great  thickening  of  the  endocardium  and  strands  of  connective  tissue 
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extending  into  the  muscle.  The  section  was  taken  so  as  to  inchide  a  portion 
of  the  Icit  hmb  of  the  auriculo-veutricular  bundle.  No  fibres  belonging  to 
that  structure  could  be  identified. 

///. — Papillary  muscle.  Sections  show  junctions  of  one  of  the  chorda; 
tendinea:  with  the  anterior  papillary  muscle.  Fibrous  changes  and  granular 
appearance  of  large  areas  of  muscle  fibres  occur  at  this  point. 

/  T'. — Auriculo-ventricular  ring.  The  block  was  taken  from  the  upper 
part  of  the  inter-ventricular  septum  in  such  a  way  that  its  upper  border 
ran  from  just  below  the  mouth  of  the  coronary  vein,  and  passed  forward 
and  shghtly  downward  across  the  lower  i^art  of  tlie  undefended  space  for 
a  distance  of  2-5  to  3  cm..  The  lower  border  of  the  block  was  parallel  to 
this  at  a  distance  of  1  cm..  The  ends  of  these  cuts  were  joined.  Serial 
sections  were  made  from  the  long  ujoper  border  through  the  whole  block. 
Two  short  ribbons,  five  sections  each  in  series,  were  mounted  and  then  a  long 
ribbon  of  ten  sections  left  dry  and  unmounted.  Then  two  more  slides  of 
five  sections  were  mounted  and  so  on.  One  slide  of  each  pair  was  stained 
by  hamiotoxyhn-eosin  and  the  other  by  Mallory's  connective  tissue  stain.  The 
l)lane  of  the  section  was  such  that  the  auriculo-ventricular  bundle  could  be 
clearly  followed  in  longitudinal  section  from  the  node  to  the  point  of  division. 
From  this  point  onwards  the  two  hmbs  appeared  in  cross  section.  Exami- 
nation of  the  stained  sections  showed  certain  places  where  it  seemed  necessary 
to  look  at  the  unmounted  sections  lying  between  and  in  these  cases  the 
appropriate  dry  ribbons  were  mounted  and  stained.  Altogether  about 
five  hundred  sections  were  examined.  They  showed  in  general  that  the 
muscle  fibres  of  the  bundle  were  fairly  well  preserved  throughout.  In  no 
place  was  there  a  definite  break  of  their  continuity,  but  scattered  through 
the  whole  length  of  the  structure  were  patches  of  fibrous  tissue,  with  here 
and  there  collections  of  small  round  cells.  In  the  fibrous  se^Dtum  larger 
collections  of  these  cells  appeared,  but  the  bundle  in  its  jaassage  through 
the  septum  showed  only  a  few  scattered  lymphoid  cells  and  some  slight 
extravasation  of  erythrocytes.  The  A-V  node  also  demonstrated  a  few 
scattered  small  round  cells  and  possibly  a  slight  increase  of  connective 
tissue.  Of  course,  it  is  impossible  to  say  to  what  extent  these  scattered 
changes  affected  the  functional  power  of  the  bundle,  but  despite  the  presence 
of  the  fibrous  patches  and  the  small  round  cell  infiltration,  there  seemed 
still  to  be  a  large  amount  of  muscle  fibre  present. 

V. — Auricular  ivall.  Sections  from  three  different  regions  of  the  right 
auricle  all  showed  some  fibrous  changes,  but  not  very  marked  ones.  Peri- 
cardial tliickening,  however,  with  small  round-cell  infiltration  and  joung 
connective  tissue  cells  in  profusion,  was  marked.  Indeed  this  pericardial 
change  was  the  most  striking  feature  of  the  pathological  anatomy  of  the 
auricular  wall. 

VI. —  Junction  of  superior  vena  cava  ami  auricle.  The  block  was  cut  so 
that  the  sino-auricular  groove  lay  equidistant  from  and  parallel  to  the  two 
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long  margins,  the  upper  margin  lying  in  the  superior  vena  cava  and 
the  lower  in  the  auricle.  The  anterior  ends  (heart  held  with  the 
left  ventricle  as  its  long  axis)  of  these  margins  were  joined  by  a  cut  which 
passed  through  the  angle  of  the  junction  of  the  right  auricular  ap- 
pendage and  the  superior  vena  cava.  The  posterior  ends  were 
joined  by  a  cut  parallel  to  the  anterior  and  about  3  cm.  distant  from  it. 
Serial  sections,  whose  plane  was  at  right  angles  to  the  long  axis  of  the  block, 
were  made  of  the  whole  piece.  The  same  system  of  mounting  and  staining 
described  above  was  used.  In  all  about  fourteen  hundred  sections  were 
examined.  The  sinus  node  of  Keith  and  Flack  is  well  shown  in  its  whole 
length  and  presents  a  high  degree  of  fibrosis.  The  pericardium,  overlying 
the  junction  of  the  superior  vena  cava  and  auricle,  is  thickened  and  in- 
filtrated with  numerous  small  round  cells.  Groups  of  these  are  seen  just 
beneath  the  dense  pericardium  immediately  next  to  the  sinus  node.  A  little 
below  the  level  of  the  middle  of  the  node  there  is  a  definite  nodular  thickening 
of  the  pericardium.  Many  young  fibroblasts  appear  and  several  small  blood 
vessels  containing  masses  of  lymphocytes  and  red  blood  cells.  Occasional 
large  ganglion  cells  and  a  few  tortuous  nerves  appear.  The  endocardium 
also  shows  thickening,  but  very  few  infiltrating  cells  are  seen.  Between  the 
auricular  muscle  fibres  there  is  marked  increase  of  the  connective  tissue 
strands,  and  these  often  fuse  to  form  small  dense  islands  of  fibrous  tissue, 
containing  very  few  cells.  The  node  presents  less  complete  fibrosis  at  its 
two  ends  than  in  the  central  portions.  Near  the  poles  a  few  small,  poorly 
staining  muscles  fibres  still  appear  among  the  interlacing  fibrils  of  connective 
tissue,  but  the  central  portion  of  the  structure  is  completely  fibrous.  The 
constant  artery  shows  no  marked  pathological  changes.  In  the  sections 
from  the  lower  part  of  the  node  a  small  vessel  is  seen  containing  an  organized 
canalized  thrombus. 

It  will  be  seen  from  the  description  of  the  microscopical  preparations 
that  by  far  the  most  extensive  fibrous  change  exists  in  the  node  of  Keith 
and  Flack.  The  pericardial  disease  is  also  strikingly  intense  over  the  region 
of  the  node.  In  regard  to  the  rest  of  the  auricular  wall,  it  can  be  fairly- 
said  that  signs  of  chronic  inflammation  are  universally  distributed  ;  and 
sections  from  the  lower  part  of  the  auricle  in  the  region  of  the  inferior 
vena  cava  and  so-called  Wenckebach's  bundle  show  no  greater  involvement 
than  any  other  part. 

Furthermore,  it  is  a  striking  feature  that  the  auriculo-ventricular  node 
and  the  main  trunk  of  the  auriculo-ventricular  bundle  are  but  slightly 
affected.  This  portion  of  the  conducting  mechanism  is  apparently  in  a 
condition  to  functionate,  but  in  view  of  the  extreme  thickening  of  the 
jiarietal  endocardium  along  the  sejitum  and  apex  of  the  ventricular  cavity 
and  about  the  bases  of  the  papillary  muscles,  one  is  led  to  suspect  the 
destruction  of  much  of  the  terminal  ramifications  of  the  bundle. 

The  lesions  in  this  case  are  strikingly  similar  to  one  reported  by 
Krumbhaar,'^     which    showed    the    typical   Adams-Stokes    syndrome    witli 
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auriculo-ventricnlar  dissociation  and  regular  ventricular  rhythm.  In  the 
sections  of  that  case,  which  the  present  author  has  had  an  opportunity  to 
study,  fibrosis  of  the  sinus  node  was  found,  but  there  was  insufficient  lesion  of 
the  auriculo-ventricnlar  bundle  to  account  for  the  block.  Hero  then, 
are  two  cases  which  strengthen  the  belief  that  perpetual  ventricular 
arrhythmia  occurs  when  the  auricle  is  in  fibrillation,  provided  the 
auriculo-ventricular  conducting  apparatus  is  not  absolutely  demolished  ; 
but  upon  the  proposition  that  destruction  of  the  sinus  node  is  the  etiological 
basis  of  pulsus  irregularis  perpetuus,  they  afford  divided  evidence. 
Krumbhaar's  case  showed  fibrosis  of  the  node,  but  the  auricle  was  not 
fibrillating,  for  there  were  well  marked  n  waves  in  the  jugular  tracings. 
Auriculo-ventricular  dissociation  existed,  but  there  was  no  lesion  of  the 
auriculo-ventricular  bundle  and  the  ventricular  action  was  regular. 

The  case  here  reported  presents,  in  contrast  to  Krumbhaar's,  a  fibrotic 
node  beneath  which  a  fibrillating  auricle  may  with  good  reason  be  suspected. 
Perpetual  arrhythmia  of  the  ventricles  and  the  absence  of  the  n  wave  from  the 
jugular  tracings  ai'e  almost  adecpiate  proof  of  this  condition.  The  slow  rate, 
which  at  times  gives  a  semblance  of  regularity  of  rhythm,  suggests 
perhaps  a  partial  block  of  the  auriculo-ventricular  bundle,  and  this  view  is 
strengthened  by  the  anatomical  findings. 

When  these  facts  are  considered  from  the  anatomical  standpoint,  in 
connection  witli  the  other  cases  in  the  literature,  one  is  left  as  much  as  ever 
in  doubt  concerning  the  etiological  specificity  of  the  sinus  node  lesion.  It 
adds  one  more  case  to  Koch's  series  certainly  ;  but  Krumbhaar's  example 
stands  in  strange  contradiction.  As  a  physiological  consideration,  however, 
it  undoubtedly  furnishes,  with  the  two  cases  discussed,  further  evidence  of  the 
close  relationship  between  auricular  fibrillation,  diminished  functional  power 
of  the  conducting  paths  and  the  slow  form  of  pulszts  irregularis  perpetuus . 

My  thanks  are  due  to  Dr.  J.  C.  Wilson  for  permission  to  use  the  clinical 
notes  of  the  case,  and  to  Mr.  W.  B.  0.  Field  for  the  great  interest  which  he 
took  in  making  the  photomicrographs  of  the  sinus  node. 
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A    CASE    OF    BRADYCARDIA    WITH     POST-MORTEM 
EXAMINATION. 

By  ALFRED  E.  COHN. 

{New   York). 

In  the  first  number  of  this  Journal,  Dr.  James  Mackenzie  pubUshed  a  groujj 
of  cases  which  he  termed  instances  of  "  Nodal  Bradycardia."  CASE  3, 
reported  at  that  time,  has  since  died,  and  a  post-mortem  examination  has 
been  made.  Dr.  Mackenzie  kindly  entrusted  the  heart  to  the  present  writer 
for  histological  examination,  and  these  findings  are  now  to  be  reported, 
together  with  a  somewhat  fuller  account  of  the  clinical  history. 

The  patient,  W.  N.,  a  male,  was  born  in  1838.  Dr.  Mackenzie  had 
occasion  to  examine  him  in  1906  and  found  him  in  normal  health  and  his 
heart  normal  in  rate  and  rhythm,  except  for  an  occasional  extra-systole. 
His  habits  had  been  good  except  that  for  a  great  many  years  he  had  "  smoked 
two  ounces  of  tobacco  and  half  a  dozen  cigars  a  day."  In  February,  1907, 
for  some  unexplained  reason,  his  heart  action  became  continuously  irregular. 
He  had  been  short  of  breath,  but  beyond  an  increased  severity  of  this  symptom 
he  had  not  been  aware  of  any  change.  Later  in  1907  he  suffered  attacks  of 
unconsciousness,  which  ke})t  recurring  for  a  while  ;  during  them  his  pulse 
rate  dropped  to  thirty  a  minute.  In  November  of  this  same  year,  the 
fainting  attacks  returned,  but  he  was  too  weak  to  allow  tracings  to  be  made  ; 
his  pulse  rate  was  again  thirty.  By  June,  1908,  he  had  recovered  somewhat  ; 
his  pulse  rate  had  returned  to  sixty  and  he  went  to  Torquay.  He  continued 
quite  well  until  August  the  4th,  190S,  when  during  physical  strain,  he  was 
seized  with  great  breathlessness.  Then  for  two  days  he  began  to  have 
convulsive  seizures  every  few  minutes  for  a  couple  of  hours,  from  which  he 
was  ultimately  relieved  by  chloroform.  During  the  attacks  his  pulse  could 
not  be  felt  and  he  became  cyanosed.  The  attacks  frequently  came  at  night. 
They  continued  for  a  month,  gradually  becoming  less  in  number  and  slighter 
in  severity,  appearing  finally  as  nothing  more  than  a  passing  faintness. 
During  this  period  he  w  as  under  treatment  by  Dr.  O'Connor,  who  described 
some  of  his  attacks  as  resembhng  ''  petit  mal  "  ;  he  stiys  that  while  talking 
his  face  would  become  pale,  unconsciousness  would  set  in  for  a  brief  interval 
and  his  pulse  would  always  disappear.  In  other  attacks  he  was  quite  un- 
conscious, sometimes  delirious,  and  would  struggle  to  get  out  of  bed.  During 
August  and  September  he  had  Cheyne-Stokes  breathing,  respiration  being 
suspended  for  as  long  as  forty-five  seconds.  In  September,  1908,  his  jjulse 
rate  rose  to  sixty,  while  in  October  he  had  a  large  number  of  fainting  attacks, 
which  subsequently  disappeared,  but  left  him  weak.  Cognac  is  said  to  have 
relieved  him. 

Heart,  Vol.  Ill,  No.  1. 
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On  Deccmberthe  18th,  1008,  traoingswerc  taken,  which  demonstrated  the 
presence  of  irregularity  accompanied  by  the  ventricular  form  of  venous  pulse. 
Some  of  the  heart  beats  were  so  weak  that  they  were  scarcely  felt  at  the  wrist. 
At  this  time,  the  heart  dulness  (left  border)  extended  one  and  a  half  inches 
beyond  the  nipple  line  ;  there  was  faint  roughening  of  the  first  sound,  but 
there  were  no  murmurs.  Slight  albuminuria,  which  increased  somewhat 
during  his  illness,  had  been  present  for  some  years  ;  there  was  no  dropsy. 
At  this  time,  however,  there  was  no  albuminuria,  but  he  micturated 
frequently. 

On  March  the  10th,  1900,  Dr.  O'Connor  reported  that  the  patient  had  been 
well  since  Christmas,  that  he  went  to  town  to  business  and  looked  well, — 
in  short,  that  he  had  recovered.  During  the  first  week  of  March  he  had  a 
few  slight  fainting  attacks,  said  to  be  due  to  over  eating.  His  pulse  rate  was 
sixty  and  fairly  regular.  His  urine  contained  no  albumin.  He  had  given  up 
smoking  for  four  months  past,  and  during  his  attacks  or  when  he  felt  ill,  he  took 
trinitrin  gr.  yj-u  ;  oxygen  and  amyl  nitrate  also  seemed  to  do  him  good. 
On  May  the  7th,  1000,  Dr.  O'Connor  mentions  the  jjresenceof  a  soft  blowing 
systolic  murmur  with  the  first  sound,  heard  four  inches  to  the  left  of  the 
median  line  and  on  a  level  with  the  nipple.  The  liver  was  much  enlarged. 
His  jiulse  was  sixty  and  fairly  regular.  He  felt  well  and  went  to  town 
regularly  on  business.  He  was  of  the  opinion  that  smoke  brought  on  an 
attack.  In  June  he  fell  unconscious  and  fractured  the  lower  end  of  one 
hbula,  but  after  six  weeks  rest,  he  made  a  good  recovery,  went  to  town  and 
played  golf  daily.  On  August  the  12th,  1900,  he  died  suddenly,  after  having 
had  a  chill  from  sitting  out  and  contracting  pneumonia.  Although  the 
])ncumonia  cleared  up,  his  heart  was  left  weak  ;  the  pulse  beat  at  a  rate  of 
twenty-five  and  was  thready  in  character.  He  had  anuria  for  one  day  and  a 
single  convulsion.  On  the  evening  of  the  day  before,  his  pulse  had  been 
impercejitible,  he  was  given  strychnine,  gr.  y;V,  and  it  rose  to  forty,  but 
while  taking  food  next  morning,  he  died  suddenly. 

Dr.  O'Connor  performed  a  hasty  autopsy,  the  notes  of  which  are  given 
here.  The  heart  was  enlarged  and  there  was  a  cartilaginous  deposit  about 
the  valves.  The  capsules  of  the  kidneys  were  adherent ;  they  were  enlarged 
and  looked  cirrhotic.  There  \vas  great  increase  of  pelvic  fat.  The  liver  was 
larger  than  normal  but  looked  healthy  on  section.  There  were  old  adhesions 
on  the  surface  of  the  right  lung,  together  with  recent  signs  of  pneumonia 
and  pleurisy. 

Specimens  of  the  tracings  taken  on  October  the  11th,  1007,  are  shown  in 
this  Journal,  Vol.  i,  p.  81,  Fig.  0  and  10.  These  show  a  pulse  rate  of  twenty- 
five  to  thirty  beats  a  minute,  and  indicate  the  i:)resence  of  the  ventricular 
form  of  venous  pulse.  In  some  of  the  longer  reaches,  where  there  is  no  in- 
dication of  a  contraction  in  the  radial  curve,  there  is  a  premature  wave  in  the 
jugulartracing,  similar  to,  but  not  identical  with,  the  preceding  sequence.  The 
tracing  taken  on  May  the  5th,  1000,  shows  also  the  presence  of  the  ventricular 
venous  pulse,  but  the  rate  is  about  eighty-three  per  minute.     Thus  there  were 
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periods  when  the  rate  was  rapid,  others  when  it  was  slow.  The  tracings 
always  showed  a  disordered  rhythm,  though  even  late  in  the  disease  Dr. 
O'Connor  reports  that  there  were  times  when  the  pulse  was  "  fairly  regular." 
In  another  case  {CASE  1)  belonging  to  this  group,  Mackenzie  states  that 
the  bradycardia  was  not  constant,  but  that  the  heart  returned  from  an 
irregular  bradycardia  to  a  regular  rhythm  and  a  normal  rate,  and  further- 
more that  the  change  occurred  without  any  subjective  symptom.  It  is 
clear,  therefore,  that  as  in  the  case  of  the  corresponding  fast  irregularity, 
a  return  to  a  regular  rhythm  can  and  does  take  place. 

Esmein^  refers  to  Mackenzie's  cases  and  himself  reports  three  others. 
In  one  case  he  first  noted  a  period  of  incomplete  heart-block,  with  syncopal 
attacks,  later  the  patient  developed  complete  heart-block  in  which  the 
administration  of  atropine  quickened  the  auricular  but  not  the  ventricular  rate. 
A  few  months  afterwards,  the  auricular  waves  disappeared  and  the  ventricular 
form  of  venous  pulse  was  present.  His  second  and  third  cases  showed 
bradycardia  accompanied  by  the  ventricular  form  of  venous  pulse.  Autopsies 
were  made  in  the  first  two  jiatients  and  showed  an  old  lesion  of  the  A-  V 
bundle.  Esmein  does  not  admit  Mackenzie's  theory  that  the  rhythm 
in  these  cases  begins  in  the  A-  V  node,  chiefly  because  he  cannot  conceive 
how  the  node  can  give  rise  to  so  slow  a  rate.  If  the  node  has  undergone  a 
change  at  all  it  ought,  in  his  view,  to  be  the  site  of  an  irritative  lesion,  which 
would  render  it  more  readily  excitable  than  the  sino-auricular  node.  But 
since  increased  rate  is  not  the  fact  in  these  cases,  Esmein  is  inclined  to  rely 
on  a  paralysis  of  the  auricles  by  distension,  as  an  explanation  of  the  pheno- 
menon. Esmein's  communication  itself  is  not  available  here  so  that  an  ac- 
count of  the  tracings  and  of  the  histology  of  his  cases  cannot  be  reviewed. 

A  similar  case  of  bradycardia  is  mentioned  by  [Mackenzie  {CASE  4)  in 
his  original  paper  and  was  described  later  in  detail  by  Lewis.*  As  in  the  case 
here  reported,  Lewis's  case  had  a  pulse  rate  from  twenty-seven  to  thirty-five 
a  minute,  and  showed  the  ventricular  form  of  venous  pulse,  but  the  rhythm 
was  regular  except  where  it  was  interrupted  by  extra  beats.  Furthermore 
syncopal  and  epileptic  attacks  occurred  as  in  the  case  at  present 
recorded.  The  essential  difference  between  Lewis's  patient  and  the  case 
now  reported  resides  in  the  fact  that  here  there  is  no  regularity  in  the  heart 
rhythm,  though  the  similarity  in  other  respects  is  striking.  Lewis  described 
his  case  as  one  of  auricular  fibrillation  and  heart-block  and  was  justified 
in  the  diagnosis  by  the  electrical  curves.  There  is,  however,  as  yet,  no 
anatomical  verification  of  his  assumption  of  heart-block.  In  the  present 
instance,  as  will  be  described  later,  this  analysis  of  the  mechanism  is  not 
supported  by  the  anatomical  findings. 

Anatomical  examination  of  hearts  from  patients  showing  irregularity 
and  the  ventricular  form  of  venous  pulse  \^•ith  rapid  heart  rate  {pulsus 
irregularis  ■pcrpcfiius)  has  been  undertaken  and  described  by  Keith  and 
Mackenzie,^  Koch,^  Schonberg^  and  Hcdinger,- 


26  ALFRED    E.    COHN. 

Ill  the  hearts  suppUed  to  him  by  Mackenzie,  Keith^  described 
changes  such  as  the  assumption  by  the  fibres  of  the  A-  V  bundle  of 
the  characteristics  of  the  normal  heart  muscle,  stretching  of  the  fibres  of 
the  bundle,  flattening  of  the  A-  V  node  ;  atheroma  of  the  artery  to  the 
A-  V  node.  In  the  muscle  of  the  ventricle  itself  he  found  extensive  fibrosis 
and  rheumatic  nodules.  In  another  case  he  found  the  fibres  of  the  A-  V 
bundle  fibrosed  and  atrophied.  In  still  another  he  found  the  sino-auricular 
node  sclerosed,  together  -with  other  minor  lesions  of  the  A-  V  system.  Hyper- 
trophy of  the  taenia  terminalis  was  a  frec^uent  finding.  CASE  12  showed 
closure  of  the  anterior  intersejital  artery.  Although  no  single  pathological 
lesion  responsible  for  the  disordered  rhythm  is  assigned,  it  seems  clear  that 
Keith  laid  more  emphasis  on  changes  in  the  auriculo-ventricular  system 
than  in  the  sui^raventricular  portions.  This  emphasis  was  the  more 
natural  at  a  time  when  the  exj^lanation  of  the  occurrence  of  the  arrhythmia 
was  ascribed  to  the  A-  V  node.  Koch^  examined  three  hearts,  two  of 
Hering's  and  one  of  Delacamp's.  Briefly,  investigation  yielded  no  anatomical 
lesion  which  he  was  inchned  to  regard  as  the  ultimate  cause  of  the  cHnical 
findings.  Although  the  three  cases  showed  slight  difl'ercnces,  they  revealed 
similar  changes.  Two  sho\\ed  hyi^ertrophy  of  the  right  auricular  muscle, 
especially  that  of  the  taenia  terminalis  ;  there  were  collections  of  round  ceUs, 
,some  fatty  degeneration  of  the  muscle,  but  the  vessels  were  intact.  The 
sino-auricular  node  was  atrophic,  and  showed  sclerotic  changes  and  some 
fatty  infiltrations.  The  nerves  and  ganglia  also  contained  some  round  cells 
in  their  sheaths.  The  nutrient  vessel  was  quite  normal  in  his  cases.  The 
auriculo-ventricular  node  except  for  some  unimiDortant  changes,  as  well  as 
the  rest  of  the  auriculo-ventricular  system,  showed  no  abnormality.  These 
investigations,  in  short,  did  not  allow  of  definite  conclusion. 

Schonberg's''  papers,  in  which  he  lays  stress  on  the  occurrence  of 
lymphocytic  infiltrations  in  the  region  of  the  Wenckebach's  bundle,  rely  for 
their  significance  on  a  function  which  is  no  longer  attributed  to  that  structure. 
Hedinger  more  recently  describes  lymphocytic  infiltrations  in  the  regions 
about  the  entrances  of  the  venue  cavae,  but  he  does  not  regard  the  findings 
as  of  definite  signiflcance. 

From  the  various  views  and  anatomical  lesions  which  have  been  put 
forth  to  account  for  the  occurrence  of  a  perpetually  irregular  pulse,  it  is 
apparent  that  no  single  lesion  can  as  yet  be  regarded  as  the  ultimate  causative 
factor.  It  might  indeed  be  doubted  whether  an  anatomical  change  need  be 
responsible  in  these  cases,  in  the  light  of  Lewis's  work,  and  Rothberger's 
and  Winterberg's,  on  auricular  fibrillation.  Until  a  decision  on  its  causation 
in  both  the  slow  and  rapid  forms  is  finally  reached,  anatomical  investigations 
must  continue,  and  it  is  with  this  view  that  the  study  of  the  present  case  has 
been  pursued. 

The  heart  was  received  from  Dr.  O'Connor,  fixed  in  formol-Miiller 
solution,  embedded  in  celloidin-paraffin,  and  cut  in  sections  10  micra  thick. 
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Every  fifth  section  was  mounted  and  stained  with  iron  hasmatoxyUn  and 
Van  Gieson's  solution. 

The  heart  measured  13  cm.  across  the  base  along  the  auriculo- 
ventricular  groove  ;  from  the  upj^er  end  of  the  inter-auricular  septum  to  the 
apex,  16  cm.  ;  and  in  thickness,  again  at  the  auriculo-ventricular  groove, 
8  cm..  These  measurements  were  made  subsequent  to  fixation.  There  was 
considerable  fatty  overgrowth  over  the  anterior  surface  below  the  A-  V 
groove  and  some  behind  along  the  furrows  accompanying  the  vessels.  There 
was  hypertrophy  of  the  right  ventricle ;  at  the  base  the  muscle  measured  'J  mm., 
and  1  to  2  mm.  at  the  apex  ;  at  the  conu.s  near  the  valves  it  measured  6  mm.. 
The  wall  of  the  right  auricle  at  its  right  border  and  close  to  the  ring  measured 
7  mm..  The  taenia  terminalis  at  its  upper  end  was  hypertrophied,  measuring 
10  X  12  mm. ;  its  shape  was  roughly  triangular  on  cross  section.  The  muscular 
bands  of  the  right  auricle  were  distinctly  hypertrophic.  Fatty  changes 
in  the  muscle  and  muscular  changes  in  general  could  no  longer  be  determined 
macroscopically.  The  tricuspid  valves  in  the  fixed  state  admitted  three 
and  a  half  fingers,  measuring  3-5  em.  in  diameter.  They  were  normal  and 
may  easily  have  been  normally  competent.  The  pulmonary  valves  were 
quite  normal  except  for  slight  fenestration  of  the  posterior  flap.  There  was 
a  well  develoj^ed  Chiari  net  at  the  opening  of  the  coronary  sinus. 

The  left  auricle  was  somewhat  dilated  and  measured  6  cm.  in  transverse 
diameter.  It  showed  no  hypertrophy  and  in  the  recent  state  the  endocardium 
must  have  been  white.  The  left  ventricle  was  not  dilated  ;  at  its  base  the  wall 
measured  18  mm.  at  the  left  border,  and  15  mm.  at  the  right  border  ;  at  the 
level  of  the  papillary  muscles,  1 6  mm.,  and  at  the  apex,  10  mm..  The  posterior 
flap  of  the  mitral  valve  was  slightly  thickened  at  the  edge  :  on  the  ventricular 
surface  there  was  atheroma  of  the  aortic  flap.  There  was  likewise  along  the 
fine  of  closure  of  the  aortic  (anterior)  flap  in  its  right  half  a  few  thread-hke 
vegetations,  which  were  not  friable,  but  firm  and  old.  The  diameter  of  the 
mitral  ring  was  3-2  cm..  The  anterior  cusp  of  the  aortic  valve  was  shghtly 
fenestrated  ;  along  the  lunidae  and  on  the  corpora  Arantii  there  were  a  few 
thread-like  vegetations  similar  to  those  described  on  the  mitral  valve.  In 
the  sinuses  of  Valsalva  on  the  cusps  of  the  valve  were  some  atheromatous, 
possibly  sclerotic  patches.  There  was  shght  atheroma  of  the  aorta.  The 
foramen  ovale  was  closed. 

I  excised  for  examination  : 


1.  The  region  of  the  sino-auricular  node. 

2.  The   auriculo-ventricular   septum   containing   the   A-  V   node, 

the  main  stem  and  branches. 

3.  A  portion  of  the  left  auricle. 
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4.  A  portion  of  the  right  auricle. 

5.  The  papillary  muscle. 

0.  A  piece  of  the  left  ventricle. 

The  connective  tissue  surrounding  the  vessels  in  the  tissue  from  the 
lejt  ventricle  is  somewhat  increased  ;  a  not  abnormal  amount  of  fat  is  to  be 
found  here  as  well.  Small  star-shaped  scars  radiate  between  the  muscle 
fibres,  compressing  them  and  causing  atrophy  ;  they  are  rather  numerous. 
The  papillary  muscle  like  the  rest  of  the  ventricle  shows  a  number  of  scars, 
somewhat  larger,  but  not  more  numerous  than  in  the  latter.  The  left  auricle 
shows  an  ingrowth  of  fatty  tissue,  a  slight  increase  in  interstitial  connective 
tissue,  and  here  and  there  moderately  large  collections  of  inflammatory 
cells,  mostly  lymphocytes  and  plasma  cells,  but  also  some  leucocytes.  In  the 
right  auricle  there  is  a  marked  thickening  of  the  connective  tissue  which 
passes  between  the  individual  muscle  fibres  ;  the  fibrosis  is  far  in  excess 
of  that  found  under  normal  circumstances. 

The  sino-auricular  node  is  a  well  developed  structure,  made  of  muscle 
fibres  of  a  size  and  interlacement  now  well  known.  The  fibres  in  this  case 
show  a  well-marked  fine  striation.  Their  intimate  relation  to  and  gradual 
transition  into  auricular  tissue  can  be  well  seen.  Nerve  fibres  pass  in  the 
immediate  neighbourhood  of  the  node  and  an  occasional  one  is  seen  to  enter 
the  structure  from  the  pericardial  side.  The  artery,  often  described,  is  present 
in  this  case  ;  great  changes  have  not  taken  place  in  it  but  occasionally  an 
endarteritis,  especially  of  smaller  branches,  can  be  made  out.  The  increase 
in  connective  tissue  within  the  node  is  most  marked.  Beyond  an  allowance 
for  individual  variation,  this  seems  to  be  unusually  marked,  and  can  be 
followed  through  the  node  in  its  entire  extent.  Furthermore,  it  is  out  of  all 
proportion  to  the  amounts  which  are  seen  in  the  neighbouring  auricular 
musculature.  Round  cells  are  found  in  moderate  numbers  and,  in  places, 
leucocytes  are  added  to  these.  In  parts  also  the  node  is  cedematous. 
In  one  or  two  places  there  are  small  haemorrhages,  probably  agonal  in 
incidence.  It  will  be  remembered  that  increase  in  the  connective  tissue 
of  the  sino-auricular  node  is  a  change  which  Koch  has  mentioned,  as  a 
possible  factor  in  the  etiology.  While  it  cannot  be  affirmed  that  this 
sclerosis  is  causative,  it  should  in  the  present  state  of  knowledge  be  brought 
forward  as  a  factor  of  importance  from  the  anatomical  standpoint. 

The  upper  portion  of  the  auriculo-ventricular  node  is  placed  in  a  rather 
small  space  between  the  endocardium  of  the  right  auricle  and  the  central 
fibrous  body,  so  that  it  has  the  appearance  of  being  laterally  compressed. 
At  a  somewhat  lower  level  it  becomes  thicker.  A  slight  increase  in  the  amount 
of  connective  tissue  has  taken  place,  as  well  as  a  slight  deposit  of  fat  cells, 
but  these  changes  cannot   be  considered    pathological.     They  occur  in  the 
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main  stem  as  well  as  in  the  node.  A  moderate  amount  of  sclerosis  in  the 
vessels  (endarteritis)  of  the  node,  there  being  several  instead  of  the  more 
usual  single  large  nutrient  branch,  has  taken  place.  The  only  other  changes 
that  might  bo  noted  are  :  first,  that  at  its  origin  the  volume  of  the  left  brancli 
is  somewhat  encroached  upon  by  connective  tissue  ingrowth,  so  that  at  this 
level  the  right  branch  seems  the  larger,  though  lower  down  these  relations 
are  reversed  ;  and  second,  that  farther  along  in  the  course  of  the  right 
branch  there  is  a  moderate  increase  in  connective  tissue. 

It  will  be  apparent  in  reviewing  the  anatomical  evidence  to  account 
for  the  perpetually  irregular  pulse  that  the  later  writings  (Hedinger,  Koch) 
differ  from  the  earlier  in  that  the  greater  emphasis  was  formerly  laid  on 
changes  in  the  auriculo-vcntricular  system,  whereas  now  lesions  in  the 
sino-auricular  node  are  receiving  the  greater  attention.  Sclerosis,  deposits 
of  fat  cells,  fatty  degeneration,  endarteritis  and  diffuse  interstitial  fibrosis 
have  all  been  considered.  It  is  still  too  early  to  say  whether  one  more  than 
the  other  represents  the  real  cause.  Whether  the  trouble  resides  also  in  one 
or  the  other  node  is  also  a  matter  still  open  for  discussion.  The  subject 
is  further  complicated  by  the  fact  that  in  the  cases  of  the  perpetually  irregular 
pulse,  the  hearts  which  yielded  slow  types  and  those  which  yielded  fast 
types  of  pulse  rate  disclose  on  histological  examination,  microscopic  pictures 
which  from  all  accounts  differ  in  no  sense  from  each  other.  The  small 
changes  which  have  taken  place  in  the  auriculo-ventricular  system  do  not 
seem  capable  of  exercising  so  decided  an  influence  on  the  ventricular  rate 
as  the  event  shows.  It  follows,  therefore,  that  even  if  definite  supraventricular 
lesions  could  be  found  to  account  for  auricular  fibrillation  and  the  per- 
petually irregular  pulse,  the  factor  determining  ventricular  rate  is  still 
indeterminate. 

The  present  case  is,  then,  one  of  bradycardia  and  differs  from  the  one 
described  by  Lewis  in  that  the  ventricular  rhythm  is  perpetually  irregular, 
and  that  in  its  course,  there  occur  periods  both  of  rapid  and  of  slow  rate. 
The  j^ace-making  area  and  the  conduction  system  have  been  examined  and 
have  shown  profound  lesions  in  the  sino-auricular  node,  interstitial  myo- 
cardial lesions  in  the  auricles  and  ventricles,  but  more  especially  in  the 
right  auricle,  with  but  shght  changes  in  the  auriculo-ventricular  node  and 
branches. 

I  am  greatly  indebted  to  Dr.  James  Mackenzie  for  the  privilege  of 
describing  this  case  and  take  great  pleasure  in  thanking  him  for  his  help 
and  great  courtesy.  The  microphotograj^hs  were  taken  by  Dr.  F.  S. 
Mandlebaum,  and  I  take  pleasure  in  acknowledging  my  indebtedness 
to  him. 
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STUDIES    ON    THE    CIRCULATION    IN    MAN. 

I.     THE  MEASUREMENT  OF  THE  BLOODFLOW  IN  THE  HANDS. 

By  G.  N.  STEWART. 

{ From   the    H.   K.   Cufihing   Lnboratory  of  Experimental  Medicine. 
Western   Reserve   University,  Cleveland). 

iNTROnrCTION. 

For  many  clinical  ]nnposcs  and  some  physiological  ones  it  is  fully  as  imi^or- 
tant  to  know  the  rate  of  flow  of  the  blood  in  a  patient  or  the  total  output 
of  the  heart  and  the  way  in  which  they  vary  under  different  conditions  as  to 
know  the  arterial  pressure.  A  modification  of  the  method  used  by  (Trehant 
and  Quinquaud^  in  animals  has  been  lately  applied  on  a  somewhat  ex- 
tensive scale  to  the  measurement  of  output  in  man  by  Plesch."  It  may  be 
accurate,  but  it  is  certainly  neither  very  simple  for  the  observer  nor  very 
easy  for  the  patient.  The  method  of  measuring  the  rate  of  flow  through  the 
arm  by  means  of  the  plethysmograph  develoiied  by  Hewlett  and  Van 
Zwaluwenberg*  from  a  suggestion  of  Brodie  and  Russell-  appears  also 
to  be  difficult,  while  as  to  accuracy,  even  with  their  fine  technique  they  can 
only  conclude  "  That  the  method  determines  the  rate  of  peripheral  blood- 
flow  in  the  arm  with  rough  accuracy,  the  error  in  favourable  cases  not  ex- 
ceeding 20  per  cent.".  This  is  not  intended  as  a  criticism  of  admirable  work, 
but  rather  as  a  reason  for  my  bringing  forward  another  method  which, 
whatever  its  limitations,  is  exceedingly  simple,  and  at  the  same  time,  I 
think,  susceptible  of  considerable  accuracy.  The  apparatus  and  method 
were  demonstrated,  and  illustrative  examples  of  the  results  communicated 
to  the  American  Physiological  Society  on  December  the  29th,  1910.'  A  brief 
study  of  the  hand  circulation  in  a  case  of  birth  palsy  and  a  case  of  infantile 
paralysis  was  communicated  to  the  Society  for  Experimental  Biology  and 
Medicine.^ 

Method. 

The     blood    flow    in    the    hand    is    calculated     from     the     formula 
H  I 

Q  =^   rp        rp'    ■     V  '    ^^'^^^"^    Q   ^^    ^'i^    quantity    of  blood  flowing    through 

the  hand  in  the  period  of  observation  ;  //  the  heat  given  off  to  a 
calorimeter  containing  the  hand,  when  tlu^  initial  temperature  of  the 
calorimeter  is  made  less  than  that  of  the  arterial  blood,  or  the  heat  withdrawn 
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by  the  hand  from  the  calorimeter  when  the  initial  temperature  of  the  latter 
is  made  to  exceed  that  of  arterial  blood  ;  T,  the  temperature  of  the  arterial 
blood  coming  to  the  hand  ;  T',  the  temperature  of  the  venous  blood  leaving 
the  hand  ;  and  S  the  specific  heat  of  the  blood.  The  volume  of  the  hand 
included  in  the  calorimeter  is  estimated  by  displacement,  and  the  result 
reduced  to  grammes  of  blood  per  minute  per  100  o.c.  of  hand  substance. 


I.     Determination  of  H.     (The  heat  given  off  by  the  blood  to  the 

calorimeter). 

This  is  done  by  means  of  the  calorimeter  shown  in  Fig.  1,  which  is  made 
in  duplicate  for  the  simultaneous  observation  of  the  two  hands.  Where 
for  any  reason  only  one  hand  is  observed,  the  second  calorimeter  serves 
automatically  to  measure  the  loss  of  heat  to  the  surroundings.  The  calori- 
meter consists  of  an  inner  cylindrical  vessel  of  strong,  tinned  eoi:)per,  the 
tinned  surface  being  internal,  and  an  outer  larger  vessel  of  tinsheet,  the  ex- 
ternal surface  of  which  is  i^ainted.  Between  the  sides  and  bottom  of  the 
inner  vessel  and  the  outer  vessel  is  a  layer  of  broken  cork.  The  top  of  the 
inner  vessel  has  in  it  an  oval  opening  rather  wider  at  one  end  than  at  the 
other  for  the  reception  of  the  wrist,  and  in  use  the  calorimeter  is  so  arranged 
with  reference  to  the  patient  that  the  wide  end  of  the  opening  faces  the 
same  way  as  he  does.  This  enables  the  thicker  part  of  the  hand  (ball  of 
thumb,  etc.),  to  be  more  easily  introduced.  The  orifice  is  surrounded  by  a 
flange,  upon  which  a  thick  felt  collar  shown  above  the  calorimeter  lid  in 
the  figure  rests  (Fig.  1),  and  which  defines  the  upjier  limit  of  the  part  of  the 
hand  included  in  the  calorimeter.  The  felt  is  a  variety  used  by  saddlers, 
and  is  J-inch  thick.  The  collars  are  cut  so  as  to  exactly  fit  each  wrist. 
After  a  few  patients  have  been  examined  it  is,  of  course,  rarely  necessary 
to  cut  new  collars.  Outside  the  flange  rises  a  ring  of  copper  j-inch  high, 
which  allows  the  tojj  of  the  inner  vessel  to  be  covered  with  cork.  Three 
smaller  orifices,  one  for  a  thermometer  and  the  other  two  for  stirrers,  pierce 
the  lid,  each  surrounded  by  copper  rings  of  the  same  height.  Over  the  lid 
is  a  circular  sheet  of  cork,  j-inch  thick,  accurately  adapted  to  the  orifices 
and  fastened  and  covered  with  a  layer  of  shellac.  The  cork  packing  is  neces- 
sary to  reduce  the  loss  of  heat,  otherwise  the  calorimeter  could  not  be  used 
in  jjlaces  of  varying  temperature.  In  any  case  the  temperature  changes  in 
it,  due  to  cooling,  would  take  place  so  cjuickly  that  the  hand  would  not  have 
time  to  follow  them.  It  was  only  necessary  to  have  the  inside  vessel  made 
in  the  laboratory.  A  very  suitable  outer  vessel  was  obtained  in  a  store  in 
the  shape  of  a  receptacle  used  by  housewives  and  labelled  ••  sugar".  The 
outer  vessel  is  lOi  inches  deep  and  9  inches  in  internal  diameter.  The  inner 
vessel  is  8  inches  deep  below  the  flange  and  its  internal  diameter  is  6  inches. 
The  average  breadth  of  the  flange  is  half  an  inch.  The  orifice  for  the  hand 
measures  3|  by  2|  inches.     The  sohd  cork  on  the  lid  is  J  inch  thick. 
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Fig.  3. — Section  of  ealorimotor,  i  of  actual 
size.  A,  sheet  cork ;  B,  broken  oork ; 
C,  folt  coMar ;  F,  flange  aroiiiul  orifice  for 
hand.  The  orifice  is  supposed  to  bo  cut 
along  its  smallest  diameter. 


Fig.  4. — Di^igrani  of  top  of  calorimeter  for 
loft  hand  as  viewed  from  above.  H,  orifice 
for  hand ;  T,  orifice  for  thermometer ; 
S,  for  stirrers. 


The  stand  on  which  the  calorimeter  rests,  gripped  by  brass  angles  to 
prevent  accidents,  is  provided  with  a  long  screw,  which  enables  the  height  to 
be  adjusted  either  to  the  patient  sitting  in  a  high  chair  or  to  a  patient  sitting 
up  in  bed.  In  the  lowest  position  the  top  of  the  stand  is  16A  inches,  and  in 
the  highest  27  inches,  from  the  floor.  A  nut  on  the  screw  clamps  it  in  any 
given  position. 

The  thermometer  is  graduated  in  tenths  of  a  degree,  permitting  the 
hundredths  to  l)e  estimated  by  means  of  the  lens  shown  on  the  thermometer 
stem.  All  thermometers  used  were  compared  with  a  standard  certified 
thermometer. 

Large  goose  feathers  were  used  for  stirring,  to  avoid  possible  injury 
to  the  thermometers. 

Fig.  3  shows  the  calorimeter  in  vertical  section.  Fig.  4  gives  a  diagram 
of  the  orifices  in  the  lid  as  seen  from  above. 

In  Fig.  2  is  shown  the  position  of  patients  who  are  able  to  sit  up  with  the 
hands  in  the  calorimeters.  The  coat  sleeves,  however,  are  tucked  up,  the  better 
to  display  the  orifices  of  the  calorimeters,  whereas  in  most  of  the  measure- 
ments the  arms  were  kept  covered  by  the  sleeves  down  or  almost  down  to  the 
calorimeter  collars.  The  patient  is  seated  in  the  high  chair  always  used. 
The  seat  is  25J  inches  from  the  floor.  The  chair  is  high  so  that  the  observer, 
who  most  conveniently  sits  behind  the  patient  on  a  very  low  seat  may  not 
have  to  crouch  too  low  to  read  the  thermometers.  In  the  figure  the  j^atient 
is  shown  supporting  his  feet  on  one  of  the  rungs  of  the  chair,  but  during  the 
actual  observation  he  rests  them  more  comfortably  on  another  chair  or  a 
footstool.  He  leans  back  in  the  chair  and  allows  his  hands  to  hang  vertically 
down  without  effort.  Behind  the  chair  is  tied  a  thermometer  which  gives 
the  room  temperature. 
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In  making  an  experiment  the  following  routine  is  conveniently  followed. 
Felt  collars  having  been  found  or  cut  to  fit  the  patient's  wrists,  a  horizontal 
mark  is  made  with  an  oil  pencil  on  the  back  of  the  wrist  at  the  lower  level 
of  the  styloid  jirocess  of  the  ulna.  A  parallel  mark  is  made  on  the  wrist 
proximal  to  this  at  a  distance  equal  to  the  combined  thickness  of  the  collar 
and  the  flange  of  the  calorimeter.  The  second  mark  is  just  to  be  kept  in 
sight  above  the  collar  during  the  stay  of  the  hand  in  the  calorimeter.  It  is 
clear  that  then  the  lower  mark  will  be  just  below  the  edge  of  the  orifice  of 
the  calorimeter. 

A  large  bath  holding  25  litres  (a  new  garbage  can  was  used)  is  filled  with 
water  at  the  temperature  which  has  been  decided  on  for  the  initial  temper- 
ature of  the  calorimeter.  C4enerally  one  chooses  a  temperature  of  about 
30^  C.  An  ordinary  thermometer  graduated  in  degrees  is  sufficientlj^ 
accurate  for  reading  this  tempei'ature.  With  a  little  experienc?  an  assistant 
easily  hits  on  the  recjuired  temperature  and  the  mixing  of  the  bath  is  only  a 
matter  of  a  minute  or  two.  Allien  a  patient  is  expected  at  a  set  hour  the 
bath,  of  course,  can  be  prejiared  beforehand.  A  large  bath  is  used  so  that 
it  may  cool  very  httle  during  the  period  of  immersion  of  the  patient's  hands. 
The  calorimeters  are  then  filled  from  the  bath.  For  hands  of  average  size 
it  was  found  advantageous  to  have  about  3  litres  of  water  in  each  calorimeter. 
If  much  more  were  put  in.  the  collars  were  apt  to  be  wetted  during  vigorous 
stirring,  and  the  cooling  of  the  wrist  due  to  evaporation  of  the  water  was 
found  sometimes  to  cause  error  owing  to  reflex  vaso-constriction.  If  much 
less  were  put  in,  the  air  space  inside  the  calorimeter  would  be  so  great  as  to 
lead  to  risk  of  loss  of  some  heat  through  its  not  being  all  taken  up  by  the 
water.     Experiment  I  was  made  to  test  this  point. 


ErpcrimrnI    I. 

1.4!  p.m.  jHit  h.incls  (of  M.  C.)  in  bath  at  27-0'.     Put  3,200c.c.  of  water  in  calorimeter  L, 
."i.OUOe.c.  in  R.     Room  temperature  is-s.     llouth  temperature  3(i-8\      Pulse  107. 

Time                R.  L. 

l.."il  p.m..     2fl-7-')  20-59               At  l..'>2  put  right  hand  into  R,  loft  into  L.    Subject 

1.54               20-91  20-72                       sittinff. 

1.50               27-lS  27-00 

1.58               27-42  27-22 

2.00  27-00  27-47 

2.01  27-7S  27-.">S               M  2.01  removed  200c.c.   of   water  from  L  without 
2.03               27-'.ll  27-70                       disturbinc   hands.     The  water  was  withdrawn 

2.05  2S-II9  27-S7                        by  a  pipette  through  one  of  the  stirring  holes. 

2.06  28-19  27-92 

2.07  28-28  28-00 
2.09  28-49  28-30 
2. 1 1               28-07  28-40 

2.13               28-7K  28-.58               Hands  withdrami  at   2.13. 

2.23               28-00  28-40 

2.30                28-50  28-29                Room    19-2 

2.39               28-40  28-18               Volume  «,f    right    hand    in    calorimeter    435c.c.,  of 

loft    410c.c.. 
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For  the  first  part  of  the  experiment  (7  miniitos)  tlie  flow  comes  out  at  12  8  grammes  blood 
per  100  CO.  of  hand  per  minute  for  the  right  hand,  13  0  grammes  for  the  left.  For  the  second 
part  (the  last  7  minutes)  10  2!)  grammes  for  the  right  and  ir73  gi'ammes  for  the  left.  Tlie 
excess  of  left  ov'er  right  in  tlie  first  part  of  the  exf^eriment  is  accor(.lingly  not  contlitioned  hy  the 
greater  amount  of  water  in  L,  since  it  jiersists  in  tlio  second  part  when  tho  quantity  of  water  is 
the  same  in  each.     In  Tablo  1  the  simimary  of  results  is  given  under  M.C.  12, l."?. 

To  save  time  tlie  water  was  measured  by  filling  to  the  brim  a  flask 
holding  approximately  the  required  amount.  The  flask  now  used  is  made 
of  zinc  and  holds  3015  o.c..  A  metal  funnel  and  jug  are  also  used  so  as  to 
relieve  the  observer  of  any  anxiety  about  breaking  glass  vessels.  In  this 
way  every  minute  is  saved  wliith  can  be  saved  without  detriment,  a  very 
neeessary  matter  in  a  clinical  method.  Jug,  funnel  and  flask  are  all 
di])ped  first  in  the  bath  and  then  emptied  before  being  used  to  fill  the 
calorimeters  so  that  the  two  calorimeters  may  start  with  approximately 
the  same  temperature.  As  each  calorimeter  is  filled  its  orifice  is  closed  by 
an  exactly  fitting  disc  of  the  thick  felt.  The  jiatient  now  sits  down  beside 
the  bath  and  immerses  his  hands  u]i  to  the  lower  mark.  He  is  directed 
to  keep  his  fingers  spread  both  in  the  bath  and  in  the  calorimeter  so  as  to  favour 
the  escape  of  heat.  The  bath  is  stirred  from  time  to  time.  Some  water 
laps  up  over  the  lower  mark  but  the  wrist  is  rapidly  dried  with  a  towel  before 
the  hand  is  put  in  the  calorimeter.  Tho  following  experiment  was  intended 
to  test  the  influence  of  spreading  the  fingers  on  the  calculated  blood  flow. 

Expirimriif    II. 
.•!.2Sp.m,.      Hands  (:\I.('.)  [lut  in  bath  at  20-0  .      Room  21-1.      .■?,(l."iOc.c.  in  eacli   cal.iriniefer. 

L, 
2S-S7  At    3. .'19    |>ut    right    hand    in    R    witli    fingers    close 

20'0()  togetlier  but  extentled,  and  left  in  L  with  fingers 

20'21  spread.     Subject  sitting. 

2'.l-44 
21t-(13 
2!t-S0 
20-S7 

211-02  .\t     3.01  i    spread     fingers    of    rigid     hand     keeping 

30-01  th.jso  of  Icl't  hand  still  s]>read. 

30-17 
30-30 
30-43 

30-51  Took  out  hands  at  4.00.     Room  21-2°. 

30-41 

Volume  of  right  hand  in  calorimeter  4.")0c.c..  of  loft  43.">c.c..  .Mouth  temperature  30-8'. 
Pulse  (sitting^  t)(i.  F<»r  the  ten  minutes  l.iefi>re  tho  fingers  of  the  right  hand  were  s[>read  the 
flow  comes  out  13-7  grammes  per  hundred  r.<\  per  minute  for  the  right  and  12-0  grammes  for  the 
left,  a  ratio  of  l-0!l(i:  1.  For  tlie  uini^  minutes  after  the  spreading  of  the  fingers  of  the  right 
hand,  the  flow  for  this  hand  is  11-8  and  for  the  U^ft  hand  10-4,  a  ratio  of  1-134  :  1.  Tho  .spreailing 
of  the  fingers  has  therefm'e  sensibly  iucreasetl  the  quantity  of  heat  given  off.  Ne\'ertlmless, 
even  if  this  precaution  is  not  adopted  tho  error  is  not  suHiciontly  great  to  seriously  effect  tho 
accuracy  of  the  result.  This  is  of  some  consequence  as  theie  is  nothing  to  trust  to  but  tli  s  in- 
telligence and  zeal  of  the  patient  for  tho  carrying  out  of  tho  instruction  to  spread  tho  fingers  in 
tho  calorimeters. 

The  hands  are  kept  in  tiie  bath  for  not  less  than  ten  minutes. 
Experiments  specially  directed  to  this  ])oint.  of  which  the  experiment  sum- 
marized in  Table  I  under  M.  C"..  4  and  5  is  an  examjile.  indicated  that  this 
length  of  time  was  sufiicient  for  ordinary  hands.     The  purpose  of  the  pre- 


Time. 

R. 

3.38ii 

i.m..  29-07 

.3.41 

29-20 

3.43 

29-43 

3.45 

29-U9 

3.47 

29-80 

3.40 

30-08 

3.50 

30-14 

3.51 

30-22 

3.53 

30-3(i 

3.55 

30-51 

3.57 

30-011 

3.59 

30-80 

4.00 

.30-89 

4.09 

30-79 
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liminary  bath  is  to  establish  in  the  hand  a  steady  distribution  of  temperature 
so  that,  when  it  is  transferred  to  the  calorimeter,  the  water  in  which  is 
approximately  at  the  same  temperature  as  that  of  the  bath,  the  changes  of 
temperature  which  take  place  in  the  calorimeter  owing  to  the  presence  of 
the  hand  shall  be  due  wholly  to  the  passage  of  blood  through  the  hand  and 
not  in  any  sensible  measure  to  the  continued  cooling  of  the  tissues  of  the  liand. 

On  the  signal  being  given,  the  patient  withdraws  his  hand  from  the 
bath.  The  wrists  are  rapidly  dried.  He  seats  himself  quickly  in  the  high 
chair  and  at  once  inserts  his  hand  into  the  calorimeter,  the  hands  being 
guided  by  the  observer  so  as  to  obviate  any  risk  of  breaking  the  thermo- 
meters. Once  the  hands  are  inside  the  calorimeters  the  thermometers 
cannot  be  broken. 

The  blood  flow  in  the  fingers  in  proportion  to  their  Inilk  seems  to  l)e 
more  active  than  in  the  hand  as  a  whole  as  is  indicated  in  Experiment  111  on 
M.  C,  whose  right  hand  was  inserted  into  tlio  calorimeter  so  far  as  to  disjilace 
somewhat  more  than  half  the  water  tlisplaied  Ijy  the  whole  hand. 


Time. 


Exprrlmint   III. 


11.37  a.m..     Right,  liand  put  in   liatli.     Room  tomperature  22-2''. 
11.44  Tmnporatuin  of  liiitli   is  now    2'.l-li  . 

11.47  Hand  |iut  in  ono  cal.iiimotur  (R)  (subject  sitting)  the  other  filled  to  give  the 

rate  of  cooling.     .'{OoO  t-.f.  water  in  eacli. 
R.  I.. 

11.46  29-47  (beforehand  put  in)    211-oil 

11. 4K  29-47 

11.49  29-.50 

11.51  29-70 

11.52  29-77  29-5,5 

11.53  29-SS 

11.154  29-53 

11.55  30-06 

11.56  30-12 

11.57  30-19 

11.58  30-26 

11.59  30-36  Hand  taken  out. 

12,01  29-45  Room   22-."i° 

12.06  30-285 

12.15  3019 

Volume  of  hand  in  calm-imotor  245c.c.,  pulse  100.  rectal  temperature  37-4°.  From  thesodata 
the  flow  calculated  is  20-99  grammes  of  blood  per  lOOe.c.  hand  substance  per  minute,  which,  as 
shown  in  Table  I,  is  consideral)ly  greater  than  the  average  flow  through  the  hand  as  a  whole. 

The  exact  time  of  immersion  of  the  hands  is  noted,  although  this  is 
not  really  indispensable,  as  the  temperature  observations  can  be  started  at 
any  time,  and  the  blood  flow  reckoned  from  any  temperature  observation. 
As  a  check  on  possible  errors,  I  am  in  the  habit  of  reading  both  calorimeter 
thermometers  half  a  minute  to  a  minute  before  the  insertion  of  the  hands 
into  the  calorimeters.  The  collars  are  adjusted  and  then  the  observer  has 
nothing  to  do  but  stir  the  calorimeters  and  read  the  thermometers  from 
time  to  time.  I  generally  read  them  each  minute,  so  as  to  be  able  to  see 
whether  the  flow  is  varying,  but  for  many  purposes  this  is  by  no  means 
necessary.  Usually,  unless  the  experimental  conditions  are  purposely 
changed  (see  Paper  II  on  vasomotor  reflexes),  the  ascent  of  the  thermometers 
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is  quite  uniform  unless,  indeed,  as  may  happen  with  an  imintelhgent  patient, 
the  hand  occasionally  touches  a  thermometer  bulb.  All  such  accidental 
errors  in  the  readings  are  eliminated  over  the  whole  period  of  observation 
by  the  very  simple  device  of  taking  the  final  reading  after  withdrawal  of  the 
hand  from  the  calorimeter.  The  exact  moment  of  withdrawal  being  noted 
and  the  orifice  of  the  calorimeter  instantly  closed  with  a  felt  disc,  the  final 
reading  is  made  after  thorough  stirring  for  fifteen  or  twenty  seconds. 

To  the  heat  gained  by  the  calorimeter,  calculated  from  the  rise  of  tem- 
perature of  the  water,  must  of  course  be  added  the  heat  lost  by  the  calorimeter 
during  the  period  for  which  the  blood  flow  is  being  reckoned.  This  can  be 
determined  once  for  all  for  a  series  of  calorimeter  and  room  temperatures. 
But  there  is  invariably  an  interval  after  the  removal  of  the  hands,  while 
the  hand  volume  and  other  data  are  being  obtained,  during  which  the  rate 
of  cooling  can  be  estimated  in  each  exjieriment. 

Water  eqiiivnleiit  nf  the  calorimeter.  A  furtlicr  addition  must  be  made 
for  the  \\ater  ef[uivalent  of  the  calorimeter  and  for  the  heat  gained  by  the 
hand  itself  as  tiie  tem]iprature  of  the  calorimeter  rises. 

The  water  equivalent  of  a  calorimeter  of  the  construction  used,  i.e. 
a  calorimeter  protected  from  loss  of  heat  by  insvdating  material,  cannot  be 
exactly  determined  in  the  way  in  which  that  of  a  thin  cojipcr  vessel  not 
surrounded  by  insulating  material  but  with  its  outer  surface  polished  and 
enclosed  in  another  vessel  whose  inner  surface  is  also  polished  to  reduce  the 
loss  of  heat  by  radiation  can  be  estimated,  viz.,  by  adding  to  a  known  mass  of 
water  at  given  temperature  already  in  the  calorimeter  a  known  mass  of  water 
at  a  difl^erent  temperature  and  determining  the  temperature  of  the  resulting 
mixture,  allowing  if  necessary  for  the  loss  of  heat  by  radiation  during  the 
short  period  required  for  uniformity  of  temperature  to  be  attained.  An 
approximate  result,  however,  was  obtained  by  the  method  of  mixture  and 
this  was  checked  by  calculating  tlie  water  equivalent  of  the  interior  vessel 
from  the  weight  of  metal  in  it. 

Exprriminl    I  V. 

Weight  of  onldrimctor  with  thormonmtor,  lc>iis,  stirrer  and  f(>\t  diso  fur  plii.«inK  tlio  npurturo, 
2,410  pi'unnjios. 

Caloriiiintpr  |iius  wntoi"  addixl  at  ronni  tnmporat  ni'o  4,(il)0  graniinos. 

\Voi;.ilit  of  water  add(Hl,   -.2S0  i^raninies. 

Iliiuin  temporature  l!t-(l",  T(!1ll|l(^ratllnl  of  water  in  ealorinieter  after  ten  minutes,  witli 
vig<irous  stirring  from  time  to  time,    l.S-SS". 

Atlded  water  at  4r)-15'.  Tire  water  was  taken  from  a  large  bath  in  an  Erlenmoyer  flask, 
filled  and  sunk  in  the  bath  and  kept  there  for  several  minutes  with  amjile  stirring.  Very  quickly 
dried  the  outside  of  the  flask  and  em|)tied  it  rapidly  into  the  ealorimeter,  immediately  closing 
the  orifice  again  with  tho  felt  disc.  Stirred  well  whili*  observing  the  thorinometer.  Maximum 
tomperatm'3  of  the  mixture  reachtnl  2relti^, 

Weight  of  calorimeter  after  adtlition  of  tho  warm  water,  .'>,.'')4tl  grammes. 

Weight  of  warm  water  added,  S.IO  grammes. 

.-.   850  (4(M.5  —  2(M(i)    =    2,280  (2li-l(i  —   18-88)   +   x  (2(Mf>  ~-   18-88). 

From  which  -Y,  tho  water  equivalent  of  the  calorimeter,   =    .">4  grammes. 

In  this  experiment  the  water  added  was  purposely  taken  at  a  temperature  higher  than  was 
advantageous  so  as  to  get  a  lower  limit  below  which  the  water  equivalent  could  not  lie.     Also 
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the  lid  and  the  lateral  surface  of  the  calorimeter  immediately  Ijelow  it  would  scarcely,  in  the  short 
time  required  for  mixture,  withdraw  any  appreciable  amoimt  of  the  heat,  since  they  were  not  in 
direct  contact  with  the  water.  Now  the  metal  in  these  parts  of  the  calorimeter  makes  up  about 
one-fourth  cf  the  whole.  We  must  therefore,  increase  the  result  by  one-third,  making  72  grammes. 
A  calculation  of  the  water  equivalent  from  the  weight  of  the  inside  vessel  of  the  calorimeter  and 
the  specific  heat  of  copper  gave  74  grammes. 

To  obtain  a  round  number  and  to  allow  something  for  the  unavoidable 
loss  of  heat  the  water  equivalent  of  the  calorimeter  has  been  taken  as  80  in 
the  calculations.  This  is  almost  exactly  the  result  obtained  in  Experiment 
V  where  the  temperatures  were  chosen  so  as  almost  to  eliminate  an  exchange 
of  heat  between  calorimeter  and  room. 

Experiment    V. 

2.50  p.m..  Weight  of  water  a  little  beIo%v  room  temperature  added  to  the  calorimeter, 
2,.')n.'>  grammes. 

Temperature  of  Calorimeter.  Room. 

2.55  ]).m..  19-39  20-4 

3.00  19-40  20-3 

3.03  Completed  the  rapid  addition  of  872  grammes  water  at  30-01  degrees.  The  water  was 
taken  from  a  large  Ijath  in  an  Erleniueyer  flask  suspended  for  ten  minutes  in  the  bath  by  soft 
string  around  its  neck  and  comi>lctcl\'  immersed.  The  flask  was  constantly  moved  about  in  the 
bath.  Tlic  tcmjicrature  was  taken  immediately  before  pouring  the  water  into  tiie  calorimeter 
by  immersing  the  bulb  of  the  thermometer  in  tlie  flask  while  it  was  still  completely  submerged. 

Temperature  of  Calorimeter.  Room. 

.3.04  p.m..  2201 

.3.05  22  00 

3.0(1  2200 

3.10  21 -on  20-25 

From  wliii'h  .S72  (.30-01  —  22-01)  =   2,005  (22-01  —   10-40)  +   x  (22-01  —  10-40)  i.e., 
11,970   =    (1,799   +    2-(ll   X     .-.  X   =    (17 -S. 

In  this  exjieriment  the  metal  not  in  contact  with  the  water  would  amount  to  aliout  one-sixth 
of  the  wliole,  as  there  was  more  water  in  the  calorimeter  than  in  Experiment  I\'.  We  must 
therefore  add   ''^'{--  i.e.    13-5  to  the  residt.       This  gives  SI   grammes  as  the  water  equivalent. 

It  must  be  pointed  out  that,  although  it  was  not  thought  right  to  neglect 
this  quantity  altogether,  an  error  of  50  per  cent,  in  the  water  equivalent 
would  cause  an  error  of  less  than  H  per  cent,  in  tlie  calculations. 

Water  equivalent  of  the  hand  (determination  of  specific  heat  of  hand). 
Of  greater  consecjuence  is  the  water  equivalent  of  the  hand  itself.  Not 
knowing  the  specific  heat  of  the  hand  as  a  whole  and  being  unable  to  calculate 
it  from  the  specific  heats  given  for  the  various  tissues,  I  determined  the  specific 
heat  of  a  jierfectlj'  fresh  hand  temporarily  borrowed  from  the  body  of  a  man 
accidently  killed.  The  body  was  that  of  a  man  in  the  prime  of  hfe,  well 
nourislied  though  not  fat.  Height  170  cm..  Estimated  weight  170  pounds. 
The  chief  injury  was  to  the  skull  and  there  was  extensive  intra-cranial 
thougli  no  external  haemorrhage.  The  hand  was  of  good  size  and  had  a  good 
though  not  excessive  amount  of  subcutaneous  fat.  A  short  "  sleeve " 
of  skin  leaving  been  dissected  down  from  about  an  inch  above  the  wrist  to 
tlie  joint,  the  hand  was  disarticulated.  The  skin  tiap,  which  was  retained 
to  enable  the  hand  to  be  neatly  replaced  on  the  body,  was  cleaned  of  most 
of  the  subcutaneous  fat.    The  skin  was  then  brought  close  across  the  articu- 
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lation  and  carefully  stitched  so  as  to  make  this  end  of  the  preparation, 
with  the  aid  of  a  little  melted  j^araitin,  perfectly  \\atertight.  Two  strands 
of  thin  copper  wire  were  passed  through  the  pulp  of  the  middle  finger  and  a 
short  loop  tied  on  them  for  sui^porting  the  hand  in  the  bath  and  calorimeter. 


Experiment    VI. 

Weight  of  hand,  520  grninmcs. 

11.30  a.m..  Put  into  tlio  caloriiuoter  3,015  (•.(_-.  water  at  about  20dogrccs.  Closed  i-alorinieter 
with  a  felt  disc,  stirred  well  and  let  it  stand,  Tlio  temperature  was  eliosen  a  little  below  that  of 
tlio  room,  so  that  wlien  tlie  liantl  was  afterwards  i)Ut  into  the  ealorimeter  tlio  calorimeter  tem- 
perature miglit  be  such  that  excliange  of  heat  with  the  room  coidd  be  neglected. 

12.01  p.m..  Innnersed  tlio  hand  in  a  largo  bath  liolding  25  litres  of  water  at  about  35'5  degrees. 
Added  and  witlidrew  a  little  water  two  or  three  times  during  the  period  of  innnersion  so  as  to  keep 
the  temperature  about  35  degrees.  Tlie  liand  was  susjiended  by  the  loop,  whicli  passetl  over  a 
glass  rod  resting  on  tho  rim  of  Hie  liatli.  A  sliorter  glass  rod,  just  fitting  the  oritice  of  the  calori- 
meter, was  laid  in  readiness  under  the  felt  disi'.  Tho  bath  was  kept  well  stirreil  and  the  hand 
moved  about.  The  room  temperature  was  road  on  a  thcnuonieter  suspendeil  near  the  calori- 
meter. 

Calorimeter.  Bath.  Eoom. 

—  —  22-0 
20-22  —  — 
20-2(i  —  — 
20-2li                         34-!Mi  — 

—  34-S'J  — 


p.m.. 


Tim 

12.22 

12.23 

12.37 

12.38 

12.39  — 

*  12.30.5.  l'"t'  hand  ra|iidly  intn  calorimeter.  The  short  glass  rod  was  previously  with- 
drawn from  untler  the  felt  disc  and  iisctl  to  support  the  hanil  in  the  bath  for  a  minute  or  two, 
lieing  hold  in  the  observer's  hand.  1  n  transferring  it  to  the  calorhneter  most  of  tho  water  ran  off. 
This  was  facilitated  by  holding  tho  hand  for  an  instant  over  the  bath. 

lluoni. 


21-7 


rime. 

Cal 

orimeter. 

Room. 

Time. 

Calorimeter. 

Room. 

Time. 

Calorimeter. 

12-40i 

20-80 

— 

12.52 

21-40 

— 

1.05 

21-02 

12.42 

20-'J'J 

— 

12.53 

21-4U 

— 

1.07 

21-02 

12.43 

21-08 

21-(i 

12.54 

21 -.-iO 

— 

1.08 

21-03 

12.44 

21-15 

— 

12.55 

21-51 

21-8 

1.0'J 

21-05 

12.45 

21-22 

— 

12.57 

21-53 

— 

110 

21  05 

12.40 

21-27 

21-8 

12.5S 

21-55 

— 

1.11 

21-00 

12.47 

21-30 

— 

12.51) 

21.50 

21-85 

1.12 

2 1  -00 

12.4H 

21-34 

— 

1.00 

2 1  -58 

— 

1.13 

21-07 

12. 4 'J 

21-38 

— 

1.02 

21-00 

21 -'J 

1.15 

21-08 

12.50 

21-41 

21 -'J 

;i-8 


Weight  of  the  hand  after  tlie  measurements,  520  grammes.     Therefore,  it  did  not  absorb 
any  water  during  hnmersion.     Volume  of  hami,  400  c c     Specific  Gravity  of  hand  520  =  1-13. 

liitl 
Calculation  of  sjiecitic  heat,  520   X   x   X    13-21   =   3,005   X    1-42  or  0897-2  x  =   4304-0 
.:  X   =   0-0308,  say  0-04. 

This  is  without  taking  account  of  the  fact  that  the  rise  of  temperature 
of  the  calorimeter  was  still  proceeding  slowly  when  the  hand  had  to  be 
replaced  on  the  body.  The  maximum,  as  the  curve  plotted  in  Fig.  5  shows, 
would  probably  not  be  more  than  0-04  or  0-05'^  above  the  temperature  actually 
reached.  Taking  it  as  005"  we  get  0-66  as  the  specific  heat.  A  further 
small  correction  ought  to  be  made  for  the  relative  ana'inia  of  the  dead  hand 
as  compared  with  the  living  hand,  for  the  specific  heat  of  blood  is  higher  than 
the  average  specific  heat  of  the  hand.  This  correction  might  increase  the 
specific  heat  to  nearly  0-7.  This  round  number  has  always  been  taken  as  the 
specific  heat  of  the  living  hand  in  the  calculations.  Assuming  that  the 
specific  gravity  of  the  hand  is  11 3  we  must  multiply  the  volume  by  1-13  x  0-7, 
i.e.,  0-7tl  or,  say,  0-8  to  obtain  the  water  equivalent  of  the  hand  in  grammes. 
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Fig.  r>.  Curve  allowing  rising  temperature  of  oaloriiHCter  ill  detorriiination  of  speL-iHc  heat  of  hand 
Minutes  plotted  along  horizontal,  and  degrees  along  vertical  axis.  Only  the  continuous  part 
of  the  curve  is  plotted  from  actual  reatlings  as  the  hana  had  to  be  replaced  on  the  body  before 
the  calorimeter  temperature  ceased  to  rise.  The  interruiitod  jiortion,  however,  as  is  obvious 
from  the  form  of  the  curve,  must  approximately  rejiresent  the  further  rise  of  temiierature. 

It  has  hitherto  been  tacitly  assumed  that  all  heat  gained  by  the  calori- 
meter comes  from  the  blood  flowing  through  the  hand.  This,  of  course,  is  not 
strictly  correct  for  some  heat  is  produced  by  the  hand.  It  is  not  difficult 
to  show,  however,  that  in  comi^arison  with  the  heat  lost  by  the  blood  this  is 
negligible  under  ordinary  conditions  and  within  the  limits  of  accuracy  which 
it  is  expedient  to  aim  at  in  such  observations. 

If  we  take  the  total  heat  production  per  hour  of  an  average  man  on 
average  diet  during  ordinary  waking  rest  as  100,000  small  calories  (Atwater 
and  Benedict)  and  the  average  weight  of  the  hand  as  one  one-hundred-and- 
fiftieth  of  the  body  weight  (see  Tables  I  and  II),  we  get,  on  the  assumption 
that  the  heat  production  of  the  resting  hand  is  the  average  of  that  of  the 
whole  resting  body,  a  i)roduction  of  GC6  small  calories  jier  hour  for  the  hand, 
or  say,  ten  small  calories  per  minute.  The  assumjition  that  the  heat  pro- 
duction of  the  resting  hand  is  equal  to  the  average  production  of  the  resting 
body  is  certainly  too  lil)eral,  since  the  jiroportion  of  relatively  inactive  tissue 
(bone,  tendon,  fascia  and  epidermis)  is  much  greater  and  that  of  active 
tissue  (muscle  and  glands)  less  than  in  the  body  as  a  whole.  We  shall  hardly 
err  on  the  side  of  under  estimation  if  wc  take  half  this  amount,  say  5  small 
calories,  as  the  heat  production  of  the  hand  per  minute.  Now  the  average 
amount  of  heat  lost  by  the  hand  per  minute  in  an  experiment  with  the 
initial  temperature  of  the  calorimeter  of  30"  varies  from  100  small  calories 
with  a  rather  poor  circulation  to  200  with  a  fair  circulation  and  to  400  with  a 
good  circulation.     The  error  introduced  by  neglecting  the  heat  production 
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of  the  hand  would  therefore  with  a  medium  circulation  be  no  more  than  two 
and  a  half  per  cent.     In  hands  \\ith  a  feeble  circulation  it  is  probably  l)ut 
little  greater  since   the  poor  peripheral  circulation  is  itself   unfavourable 
to  a  high  rate  of  heat  production.* 
2.     The  estimation  of    T  (the  temperature  of  the  arterial  blood 

COMINtJ    into    the    hand). 

The  average  velocity  of  the  arterial  blood  between  the  origin  of  the  aorta 
and  the  crural  artery  in  anaesthetized  dogs  is  usually  less  than  100  mm.  per 
second  as  I  have  shown  by  an  electrical  method.*  Even  if  we  assume  that 
in  a  man  sitting  at  rest  the  velocity  is  no  greater  than  this,  only  five  seconds 
would  be  consumed  by  the  arterial  blood  in  passing  from  the  point  where  it 
leaves  the  shelter  of  the  thorax  to  the  wrist.  The  amount  of  coohng  of  the 
blood  in  a  man  sitting  in  a  w  ell  w  armed  room  with  his  arm  covered  by  clothes 
might  therefore  «  priori  be  assumed  to  be  neghgible  for  such  observations 
as  ours.  But  as  we  do  not  know  the  relation  of  the  temperature  of  the  blood 
in  the  left  ventricle  or  aorta  to  that  of  any  one  of  the  cavities  in  which  it  is 
usual  to  measure  the  deep  temperature,  experiments  were  made  to  determine 
the  actual  temperature  of  the  arterial  blood  at  the  wrist  under  the  conditions 
of  our  blood  flow  observations.     This  was  done  in  the  following  way  : 

In  order  to  insure  very  slow  cooling  one  of  the  calorimeters  was  packed 
in  broken  cork  in  a  large  can,  the  orifices  in  the  lid  being  fitted  temporarily 
with  deeper  rings  to  enable  the  extra  layer  of  cork  to  cover  the  lid  also.  The 
room  was  purposely  kept  somewhat  warmer  than  usual  to  reduce  the  loss  of 
heat  by  the  calorimeter.  The  calorimeter  was  filled  in  the  ordinary  way  but 
with  the  water  at  a  temperature  a  little  al)ove  that  of  the  interior  of  the  body. 
The  hand  was  immersed  in  the  preparatory  bath,  as  already  described,  and 
in  due  course  transferred  to  the  calorimeter.  Readings  of  the  temperature 
of  the  calorimeter  were  then  taken  regularly  for  a  long  time,  with  constant 
stirring,  as  the  calorimeter  slowly  cooled.  A  similar  series  of  readings  was 
afterwards  taken  w  itliout  the  hand,  the  orifice  of  the  calorimeter  being  closed 
with  a  felt  disc.  On  correcting  the  first  series  of  readings  for  the  loss  of  heat 
from  the  calorimeter  as  determined  by  the  second  series,  it  could  be  seen  of 
course  that  so  long  as  the  calorimeter  temperature  was  above  that  of  the 
arterial  blood  coming  to  the  hand,  the  blood  removed  heat  from  the  calori- 
meter since  the  venous  blood  left  the  hand  at  a  higher  temperature  than 
the  arterial  blood  had  on  entering  it.  Presently  the  point  was  reached 
at  which  the  calorimeter  ceased  to  either  gain  or  lose  heat.  Leaving  out  of 
account  the  shght  production  of  heat  by  the  hand,  it  is  clear  that  the  calori- 
meter temperature,  at  w  Inch  exchange  of  heat  between  hand  and  calorimeter 
ceases,  must  be  the  actual  temperature  of  the  blood  in  the  arteries  at  the 
wrist.  If  no  heat  whatever  were  lost  by  the  calorimeter  (and  no  heat  pro- 
duced by  the  hand)  the  calorimeter  would  henceforth  steadily  maintain  this 


♦  In  any  case  the  local  heat  prodiKtion  tends  to  offset  the  under-estimation  of  the  flow,  as 
calculated  from  the  formula,  due  to  the  fact  that  the  venous  blood  does  not  quite  acquire  the 
temperature  of  the  calorimeter. 
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teniperaturc,  so  long  as  the  teniiicrature  of  the  arterial  blood  itself  did  not 
alter.  In  the  aetual  exjjeriments,  of  course,  the  calorimeter  still  went  on 
cooling  below  the  temperature  of  the  arterial  blood  although  the  fall  of  the 
calorimeter  temperature  was  checked  by  loss  of  heat  from  blood  to  calorimeter 
as  soon  as  the  temi^erature  of  the  calorimeter  fell  below  that  of  the  arterial 
blood,  since  now  blood  was  entering  the  hand  at  a  higher  temperature  than 
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Fig.  (i.  Up[)er  nirvo  is  tlie  ourvo  of  cooling  of  the  calorimeter  when  the  Imnd  is  not  in  it,  the 
lower  curve  the  curve  of  cooling  when  the  hand  is  in  the  calorimeter.  .Minutes  laid  oR  along 
horizontal  and  degrees  along  vertical  axis  (Experiment  VII). 

that  of  the  venOus  blood  issuing  from  it.  These  observations  are  illustrated 
by  Experiments  VII  to  X  and  by  Fig.  G  to  11,  \\liich  represent,  plotted  in 
various  ways,  the  curves  of  cooling  of  the  calorimeter  when  it  contained 
and  did  not  contain  the  hand. 

In  Experiment  VII  the  initial  temperature  of  the  calorimeter  was  pur- 
posely made  considerably  higher  than  that  of  the  arterial  blood  in  order  to 
demonstrate  in  a  striking  fashion  the  necessary  loss  of  heat  from  calorimeter 
to  blood  when  that  condition  was  fulfilled.  In  this  case  the  calorimeter 
was  a  much  smaller  one  than  that  used  in  later  experiments  and  was  not 
arranged  so  as  to  cool  particularly  slowly.  Fig.  6  shows  graphically  how 
much  greater  is  the  rate  of  cooling  of  the  calorimeter  when  the  hand  is 
immersed  in  it  (lower  curve)  than  the  rate  w  hen  it  docs  not  contain  the  hand 
(upper  curve).  Even  about  380^  the  lower  curve  is  becoming  less  steep, 
although  the  experiment  was  not  continued  to  the  jioint  corresponding  to  the 
temperature  of  the  arterial  blood,  at  which  point  the  two  curves  would  have 
become  parallel.  Although  not  specially  suited  for  this  purpose,  the  difference 
between  tlie  temperature  of  the  calorimeter  and  that  of  the  arterial  blood 
not  being  sufficient  for  great  accuracy,  the  exiJeriment  enables  us  to  calculate 
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tlio  blood  flow  through  the.  hand  at  a  temperature  several  degrees  higher 
than  the  normal.  It  eomes  out,  as  could  be  predicted,  much  greater  than  the 
flow  at  temijeratures  below  the  normal,  roughly  speaking  twice  as  great  as 
the  flow  with  the  hand  immersed  in  the  water  at  30'^. 

Expcrinii^til     VII. 

Loft  liauJ  (S.)  put  into  bath  for  five  raimitos  ami  then  into  a  calorimeter  containing  1,200  cc 
of  water.  The  initial  temperature  of  the  bath  was  42-5  degrees  and  the  temperature  fell  to  40-5° 
during  the  inuiiorision  of  the  hand.  The  calorimeter  and  another  sunilar  control  calorimeter 
containing  l,.5oOc.c.  of  water  wore  KUed  from  the  same  bath.  Two  minutes  after  transference 
of  tlie  hand  from  the  calorimeter,  readings  were  begun.     The  subject  was  sitting. 

Control  Calorimeter. 
40-95* 
40-90 
40-85 
40-75 
40-65 
40-55 
40-45 
40-40 
40-30 

C.C..  Taking  the  water 
ecpiivalent  of  the  liand  and  calorimeter  as  300,  and  correcting  for  the  loss  of  heat  Ijy  the  calorimeter, 
we  get  725  small  calories  as  the  heat  removed  from  the  calorimeter  by  the  blood  passing  through 
the  liand  in  the  last  five  minutes  of  the  experiment.  Taking  the  temperature  of  the  arterial  blood 
at  the  wrist  as  30-5°,  we  get    750     x   10  =  04-1  grannues  for  the  flow  through  the  hand  per  minute, 

5  X  2-6      T 
i.e.,   18-3  grammes  per  100  cc.  of  hand  per  minute.-f 
In  Table  I.  tlie  results  are  summarized  under  S.  3. 

In  Experiment  VIII,  as  shown  in  Fig.  7,  the  curve  of  cooling  of  the 
calorimeter  when  the  hand  is  immersed  in  it  (lower  curve)  becomes  parallel 
to  the  curve  of  cooling  without  the  hand  (upper  curve)  at  a  calorimeter 
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Fig.  7.     Curves  of  cooling  of  calorimeter  with  and  without  hand  (Experiment   VllI). 
The  latter  curve  is  almost  a  straight  line. 


*  The  thermometer  in  this  calorimeter  was  only  sensitive  to  O-Oo". 

t  Since  the  difference  between  the  average  temperature  of  the  calorimeter  (39-09^)  and  the 
temperature  of  the  arterial  blood  is  only  2'0°  the  accuracy  of  this  result  is  less  than  in  any  of  the 
experiments  solely  directed  to  the  detemiination  of  tli( 


blood  flow. 
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temperature  of  :56-67".  At  3C-G3''  it  is  still  pcarallel,  wliilc  at  ^Cr)?"  it  is 
already  Iieginning  to  bend  towards  the  upper  curve.  The  temperature  of 
the  blood  in  the  wrist  arteries  in  this  case  may  therefore  be  taken  as  36-67". 

Experinwiii    V  J  1 1. 

i.VJ  p.iii,.      Loft  liand   (.M.   C. )  i)ut  in  batli  at  38-3°. 

'2.i'i.  Toni|ieratui-e  of  batli  is  now  38-0°.  Room  temperature  20-0'.  2,800  c-.c-.  water  in  each 
caloriiiioter.  (The  calorimeters  are  not  the  same  as  were  used  in  Experiment  VII  or  Experiments 
IX  and  X). 

2.24.      Put   loft  liand  into  laloriiiieter  (sul)ject  sittiiiL;). 


Calorimeter 

Control 

Time. 

Calorimeter 

Control 

containing  hand. 

Calorimeter. 

2.33 

conliiining  hand 

Calorimeter. 

2.24 
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2.41 

30-24 

30-05 

2.32 

30-51 

30-50 

2.42 

30-22 

30-00 

In  Experiment  IX  made  with  the  doubly  packed  calorimeter,  the  two 
curves  (Fig.   8)  were  about  to  become  parallel  at   36-70",   which  was    the 
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tig.  8.  Curves  of  cooling  of  calorimeter  (doubly  packetl)  witli  (2)  and  without  (1)  the  hand 
(E.xperiment  IX).  3  is  the  portion  of  1  whicli  corresponds  to  tlie  point  on  2  from  whiih  it 
starts. 


*  The  thermometer  in  this  calorimeter  was  sensitive  onlv  to  0-05°. 
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temperature  of  the  calorimeter  wlicn  the  observations  were  stopped.  At 
;i()-84^  there  is  still  an  angle  formed  between  the  curves,  although  it  is  much 
more  acute  than  the  angle  formed  at  37- TC.  We  can  conclude  that  IJG-TO" 
cannot  be  far  from  the  temjierature  of  the  arterial  blood  in  this  experiment. 

Experiment   IX. 


Time. 

12.00  M. 

Kii.'litluuul  (.M.  (. 

.)  |iut  into 

l)iitli  iit  30-0 

°.     :!050 

r.i-.  water 

put  into  calorimeter. 

12.10 

Kij^'ht   liaiul   i>iit 

into  (liiiib 

y  iiackocl  cal 

orimotor 

{subject  standiiiL;). 

Calorimeter. 

37-S(i 

Room. 

Tiiiio. 

Calorimoter. 

Room. 

Time. 

Calorimeter. 

Room. 

I2.0!t 



12.4S 

3(i-73 

~z 

1.40 

37-43 



12.12 

37-71 

24-S 

12.40 

30-71 

— 

1.42 

37-40 

— 

12.13 

37-(U> 

— 

12.. 50 

30-70 

— 

1.43 

37-3S 

— 

12.14 

37(12 

— 

i2.r,oj 

Hand  taken 

out. 

1.44 

37-37 

24-0 

12.1.-. 

37-57 

— 

12.  .54 

3(i-(iO 

24-0 

1.45 

37-30 

— 

12.  Hi 

37-.->2 

— 

12.  .57 

3()-oO 

— 

1.40 

37-33 

— 

1 2. 1 7 

37-4S 

24-0 

1.00 

30-51 

— 

1.4S 

37-30 

— 

12.1S 

37-4.J 

— 

1.02 

3(i-4S 

— 

1.40 

37-2S 

— 

12.1il 

37-40 

— 

1.03 

30-45 

— 

1..50 

37-27 

— 

12.20 

37-37 

— 

1.0,5 

30-43 

24-0 

1.52 

37-25 

— 

12.21 

37-33 

— 

1.00 

30-41 

— 

1.53 

37-23 

— 

12.22 

37-31 

— 

1.07 

3(i-3S 

— 

1.54 

37-21 

— 

12.2:1 

37-2S 

— 

i.os 

3(i-3S 

— 

1..55 

37-10 

— 

12.24 

37-2(i 

24-0 

l.OO 

3(i-30 

— 

1.50 

37-l.S 

25-0 

12.2(1 

37-20 

— 

1.10 

3()-3(i 

— 

1.5S 

37-15 

— 

12.27 

37-17 

— 

1.12 

30-32 

— 

2.00 

37-13 

— 

!2.2,S 

37-14 

— 

1.13 

3(i-20 

— 

2.03 

37-00 

25-1 

12. 2 'J 

37-12 

— 

1.10 

.Xatloci  350  f. 

-.  water 

2.05 

37 -0() 

— 

12.:iO 

37-10 

— 

at  about  oO'^, 

to   ralo 

2.07 

37-02 

24-8 

12.31 

37-08 

— 

rimeter    am 

stirred 

2.00 

30-00 

— 

1  2.3:1 

37-02 

— 

ui)  well. 

2.11 

3(i-07 

— 

12.34 

37-00 

— 

1.20 

37-7S 

25-0 

2,13 

30-03 

25-0 

12.3.-. 

3(I-0,S 

— 

1.21 

37-7S 

— 

2.15 

30-01 

— 

12.3(j 

3(i->J(i 

— 

1.22 

37-7(1 

— 

2.17 

30 -S7 

— 

12.37 

30-04 

24 -y 

1.24 

37-71 

— 

2.10 

30-S5 

24-9 

12.3S 

30-02 

— 

1.20 

;!7-(is 

-  — 

2.21 

30-S2 

— 

12.30 

3(1-00 

— 

1.27 

37-07 

24-05 

2.2:1 

30-70 

24(5 

12.40 

3(i-SS 

— 

1.20 

:i7-(i:! 

-- 

2.25 

3li-70 

— 

12.41 

3(>-S(i 

— 

!.:«) 

:i7-0l 

— 

2.27 

30-73 

24  0 

12.42 

3(i-H4 

— 

1.31 

:i7-50 

-- 

2.20 

3li-71 

— 

12.44 

3(i-Sl 

— 

1.33 

37 -,50 

-- 

2.:iO 

:iO-(iO 

— 

12.4,5 

30-70 

— 

l.:jo 

37-51 

— 

3.20 

30-00 

25-1 

12.4(1 

30-77 

— 

1.37 

37-4.S 

— 

12.47 

3(i-7o 

1.30 

37-45 

24 -S 

The  last  observation  was  taken  without  stirrinf;  after  2.30,  e.\ce|)t  for  a  minute  or  two 
irmnediately  before  readiny  the  thennonieter.  In  all  tlio  oilier  observations  the  calorimeter 
was  stirred  practically  continuously,  as  in  the  observations  u  itii  the  hand  in  the  calorimeter. 

-Vt  1.07  ]i.m.  temperature  in  mouth  is  30-0'',  in  rectum  37-4".  Volume  of  hand  inside  the 
calorhneter  400  c.c.  Pulse  100  (standing).  The  arm  was  bare  up  to  the  middle  of  the  forearm 
while  tlie  hand  was  in  the  calorimeter. 


The  best  experiment  of  the  series  is  Experiment  X,  for  here  the  obser- 
vations were  carried  right  through  the  "  dead  point  "  of  the  calorimeter 
temperature  and  continued  for  some  time  after  it  had  been  reached. 
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Expcrhacnl  X. 


Time. 

2.47i).in. 

Riglit  hand   of  BI.  f.  put  into  batli  at  38-2 
packed)  ealoriineter. 

^.     3,000  c.c.  water  put  into  (d 

jubly 

2.55 

Temperature  of 

jath  is  now  38-0^. 

3.00 

Riglit  hand  jiut 

nto  calorimeter  {.subject 

sitting). 

Calorimeter. 

Room. 

Time. 

I'alorimeter. 

Room. 

Time. 

Calorimeter. 

Room. 

L'.5;t 

37-59 



3.39 

30-00 



4.31 

30-96 

II~ 

;i.o2 

37-425 

— 

3.40 

3(i-64 

— 

4.33 

3li-92 

25-2 

.•!.03 

37-38 

20-1 

3.41 

36-63 

24-8 

4.34 

30-91 

— 

3.04 

37-35 

— 

3.43 

30-00 

— 

4.35 

36-89 

— 

3.05 

37-32 

3.44 

36-59 

— 

4.37 

36-87 

— 

3.00 

37-20 

— - 

3.45 

30-58 

24-7 

4.40 

36-82 

25-1 

3.07 

37-27 

-- 

3.47 

30-50 

— 

4.44 

36-78 

— 

3.0S 

37-23 

- 

3.48 

30-55 

— 

4.40 

36-75 

25-1 

3.00 

37-20 

25-9 

3.49 

30-54 

24-55 

4.48 

30-73 

25-0 

3.10 

37-18 

— 

3.50 

36-52 

— 

4.50 

30-70 

— 

3.12 

37-13 

— 

3.51 

36-51 

— 

4.52 

30-08 

24-9 

3.13 

37-11 

— 

3.52 

36-50 

--- 

4.53 

36-07 

— 

3. 1 4 

37-OS 

25-0 

3.53 

36-495 

24-5 

4.55 

36-63 

24-9 

3.10 

37-04 

— 

3.55 

30-47 

— 

4.57 

36-61 

24-85 

3. 1 7 

37-01 

— 

3.56 

36-465 

24-5 

4.59 

36-59 

24-8 

3. 1 S 

30-00 

— 

3.57 

30-40 

— 

5.01 

30-57 

24-7 

3.10 

30-07 

25-4 

3.58 

36-44 

— 

5.03 

30-54 

24-45 

3.20 

30-00 

— 

3.59 

36-43 

— 

5.05 

3ti-52 

24- 15 

3.21 

30-93 

-- 

4.00 

36-42 

24-9 

5.07 

36-49 

24-1 

3.22 

30-91 

- 

4.02 

36-40 

— 

5.09 

30-46 

24-25 

3.23 

30-90 

25-2 

4.03 

30-40 

— 

5.11 

36-43 

24-8 

3.24 

30-88 

— 

4.04 

36-39 

— 

5. 1 .-! 

36-42 

25-1 

3.25 

30-80 

25-15 

4.05 

36-38 

— 

5.15 

36-40 

25-2 

3.27 

30-82 

25-1 

4.06 

36-375 

— 

5.17 

36-37 

25-25 

3.28 

36-80 

— 

4.07 

36-37 

— 

5.19 

36-35 

25-25 

3.2'J 

35-79 

25-1 

4.08 

30-365 

24-75 

5.20 

36-34 

25-25 

3.30 
3.31 

30-78 
36-77 

4. 10 

•Hi. 1.1 



Hand  taken  out  of  C'alo 

rimeter 

Pulse,  96  (sitting). 

3.32 

36-70 

— 

4.17  Added   350  c.c. 

water 

Mouth   temperature,   36-5". 

3.33 

36-73 

24-9 

(at  45°)  to  calori 

meter. 

Rectal    temperature,    37-25''. 

3.35 

3ti-70 

— 

Mi.xed  well. 

Axilla    temperature,    3 

i-35'. 

3.31) 

30-09 

4.25 

37-03 

25-45 

(AH  taken  between  4.10    and. 

3.37 

30-08 

24-7 

4.27 

36-995 

— 

4.20  j..m.). 

3.3« 

30-67 

24-8 

4.29 

36-98 

25-35 

Volume   of   liand,   490 

c.c. 

The  results  are  gra2)hically  treated  in  Fig.  t)  and  10.  In  Fig.  'J  it 
is  seen  that  at  calorimeter  temperature  3G-yO"  the  curve  of  cooling  of  the 
calorimeter  with  hand  inserted  is  still  descending  somewhat  more  steeply 
than  the  curve  of  cooling  of  the  calorimeter  without  the  hand.  Between 
36-73"  and  30-60'^  the  two  curves  coincide,  while  below  30-(JO'''  the  curve  of 
cooling  with  the  hand  is  less  stecj)  than  that  without  the  hand.  The  tem- 
perature of  the  arterial  blood  coming  to  the  hand  is  therefore  certainly 
neither  higher  than  36-73'^  nor  lower  than  36-60"^. 

In  Fig.  10  the  same  thing  is  shown  in  a  different  way.  Along  the 
vertical  axis  are  plotted  the  number  of  small  calories  per  minute  abstracted 
from  (above  the  interrupted  horizontal  axis)  or  given  off  to  (below  the 
interrupted  line)  the  calorimeter  by  the  hand.  Along  the  horizontal  axis 
are  plotted  the  temperatures  of  the  calorimeter.     Curve  -  is  the  curve  of 
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Fifl.  9.  Curves  of  coolin<;  of  caloriineter  (doulily  paekod)  with  (2)  and  witliout,  (1)  the  hand 
(Experiment  X).  3  is  the  portion  of  1  vvhicli  uorresponds  to  the  point  on  2  from  whicli  it 
starts.  The  angle  between  .'i  and  2  is  mneh  narrower  tlian  tliat  between  1  and  2,  showing 
tliat  hero  tlie  two  curves  are  about  to  become  parallel.  For  the  stretch  between  the  points 
indicated  l)y  tlie  cross  in  the  circle  (">)  thoy  actually  loincide,  showing  that  the  temperature  of 
the  arterial  blooil  lies  somewhere  on  tliis  part  of  the  curse.  Below  this  the  cur\  e  of  cooling 
of  the  calorimeter  without  the  hand  (4)  again  forms  an  angle  with  2  but  on  the  op|)Osito 
side  of  it  from  that  formed  by  3,  .showing  that  now  the  hand  is  heating  the  calorimeter. 
Minutes  laid  off  along  horizontal  and  degrees  along  vertical  axis. 
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Fip.  10.  The  heat  (in  small  calories)  lost  or  gained  by  the  hand  in  the  calorimeter  (in  Experiment 
X)  is  plotted  alonfj  the  vertical  axis  and  the  calorimeter  temperatures  alonf;  the  liorizontal 
axis.  Heat  lost  by  the  hand  to  the  calorimeter  is  [ilotted  below  the  interrupted  zero  line, 
heat  lost  by  tlio  calorimeter  to  the  hand  above  the  zero  (0)  line.  The  temperature  corres- 
pondinp;  to  the  point  at  which  the  curve  crosses  the  zero  line  must  represent  the  temperature 
of  the  arterial  blood.  For  ex]ilanation  of  curves  2,  3  and  4,  see  text.  T  indicates  the  range 
of  temperature  witiiin  which  the  three  curves  cross  the  zero  line. 
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heat  exchange  obtained  by  using  the  observations  taken  at  each  tenth 
minute.  Curve  3  is  a  corresponding  curve  in  which  the  observations  taken 
at  each  fifth  minute  are  used.  Curve  4  is  constructed  in  the  same 
way  as  2,  but  the  ten-minute  periods  start  with  different  minutes.  In  Fig.  1 1 
the   curve   of   heat  exchange  of    Experiment  IX    (Curve   1)  is  shown  over- 
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lapping  Curve  2  of  Fig.  10.  No  attempt  lias  been  made  to  draw  smooth 
curves,  but  it  is  obvious  that  Curve  2  is  much  smoother  than  the  other  two, 
no  doubt  because  the  accidental  variations  in  the  minute  readings  are  better 
ehminated.  The  irregularities  in  3  and  4  are  really  insignificant  but  are 
greatly  exaggerated  in  the  figure,  because  at  these  temperatures  the  amount 
of  heat  actually  exchanged  is  very  small.  Thus,  when  only  20  small  calories 
per  minute  are  being  given  otT  by  the  Iilood,  heat  exchange  has  practically 
ceased,  yet  the  difference  between  20  and,  say,  16  is  represented  by  two  of 
the  small  squares.  In  Fig.  11  it  is  well  brought  out  how  nearly  the  curves 
become  jiarallel  to  the  horizontal  axis  as  they  approach  the  zero  line,  in  con- 
trast to  the  steep  fall  while  the  calorimeter  temperature  is  still  considerably 
above  that  of  the  arterial  blood.  The  tem|)erature  corresjionding  to  the  point  at 
which  the  curves  cut  the  interrupted  line  of  zero  exchange  is  the  temperature 
of  the  arterial  blood.     For  Curve  2,  it  is  30-04".     Curve  3  (Fig.  9)  first  reaches 
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Fig.  1 1.  Curve  2  of  Fig.  10  is  sliown  overlaii|5ing  and  font  inning  the  curve  ( 1 )  of  heat  excliange 
Ijetwcen  hand  and  calorimeter  in  Experiment  IX.  Small  calories  along  vertical  and  calori- 
meter temperatures  along  horizontal  axis.  The  broken  horizontal  line  is  the  line  of  no  heat 
excliange. 

the  zero  line  at  temperature  36- 70*^  and  Curve  4  at  36-73''.  If  we  tabulate  the 
arterial  blood  temperatures  obtained  on  the  same  person  (M.  C.)  at  different 
dates  the  agreement  becomes  very  striking. 


November   12th,   1910 

:i(i-ii7 

.Tanuarv  4th,   I'.tll 

:!ll-70  — 

January  0th,   1911 

:!li-73  — 

:i(i-ii4 

1 

36-r)0  + 

3r,-70 

average 

3li-70 

30-73 

The  average  36-70''  is  0-55°  below  the  rectal  temperature  on  January  5th, 
and  0-7''  below  the  rectal  temperature  on  January  4th.  It  is  0-2"  above  the 
mouth  temperatures  on  January  5th,  and  January  4th,  and  0-35"  above  the 
axilla  temperature  on  January  5th. 

As  it  is,  of  course,  out  of  the  question  to  determine  the  temperature  of  the 
arterial  blood  by  (his  method  in  each  patient  whose  blood  flow  is  being 

*+   indicates  that  the  number  is  below  the  true  temperature,  —  that  it  is  above  it. 
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estimated,  the  <|uesti()ii  lias  to  he  settled  liow  the  internal  temperature  as 
eliiiieallv  measured  is  tti  l)e  eDiiceted  so  as  to  i,'ive  us  the  arterial  lenipeiat ure. 
The  following;  ride  has  heen  a(lo|ite(|.  which,  if  it  seems  a  little  arhitrai'v,  can 
still  introduee  l)ut  a  slight  error.  The  main  thing  in  any  ea.se  i.s  to  have  some 
fixed  2)rocedure,  others  ise  the  results  of  different  experiments  would  not  be 
comparable.  Where  the  rectal  temperature  and  the  mouth  temperature 
can  both  be  obtained  and  the  mouth  temperature  is  not  more  than  O-S" 
below  the  rectal,  the  mouth  temperature  is  taken  as  that  of  the  arterial 
blood  at  the  wrist.  Where  the  difference  is  greater  than  0-5'',  as  is  usual  in 
M.  C,  the  rectal  tem])erature  minus  (>-5'-^  is  taken  as  the  arterial  blood  tem- 
perature. Where  only  the  mouth  temperature  can  be  got  it  is  measured 
\\ith  as  great  care  as  possible,  the  thermometer  being  usually  put  back  a 
second  time,  and  then  the  moutli  temperature  is  considered  to  be  the  arterial 
blood  temperature.  When  the  study  of  the  blood  How  in  fever  is  taken  up, 
the  accuracy  of  this  nde  under  abnormal  temperature  conditions  must  be 
checked  by  experimental  determinations  of  the  arterial  blood  temperature. 

3.       DeTERMIN.\TION     of     T'     (the     TEMPER.\TURE    of     the      VENOU.S     BLOOD 

LE.WING    THE    HAND). 

A  consideration  of  tlie  anatomical  arrangement  of  the  blood  vessels 
of  the  hand  indicates  that  when  the  ]iart  is  immersed  for  a  considerable  time 
in  water  of  given  temjierature,  much  the  greater  part  of  the  venous  blood 
must  leave  the  hand  at  a  temperature  not  very  different  from  tliat  of  the 
bath.  The  hand  (including  the  fingers)  is  a  part  who.se  surface  is  exception- 
ally great  in  jnoportion  to  its  mass.  It  is  also  a  member  whose  maximum 
thickness  is  small.  The  deeper  tissues  are  much  less  vascular  than  the 
intermediate  and  the  superficial  structures.  The  hand  indeed,  consists  of  a 
bony  scaffolding  on  which  lies  a  thin  layer  of  tissue  containing  nearly  the 
whole  blood  supply  of  the  part.  Further,  all  the  larger  arteries  and  all  the 
larger  veins  are  very  su]ierficial.  It  was  for  these  reasons  that  the  hand  was 
selected  as  the  most  favourable  part  in  which  to  establish  in  the  out-flowing 
venous  blood  a  temperature  which  would  be  sensibly  constant  under  the  given 
conditions,  and  which  could  therefore  be  estimated  without  too  great  error. 
The  foot,  no  doubt,  comes  next  to  the  hand  in  this  respect,  jiarticularly  in 
children,  and  it  is  hoped  later  on  to  develop  a  calorimeter  suitable  for  the 
foot.*  In  thicker  parts,  of  course,  if  the  average  temperature  of  the  issuing 
blood  was  known  and  could  be  made  to  remain  sufficiently  steady,  or  to  vary 
in  a  calculable  way  throughout  an  experiment,  the  blood  flow  could  equally 
well  be  calculated  from  the  heat  given  otf.  It  is,  however,  precisely  this  know- 
ledge of  the  average  temperature  of  the  venous  blood  which  is  difficult  to  arrive 
at.  In  the  case  of  the  hand  it  was  assumed  that  when  the  bath  temperature 
and  the  period  of  immersion  were  properly  chosen  the  error  involved  in  taking 
the  venous  temperature  as  equal  to  that  of  the  calorimeter  could  be  neglected. 

'  With  foot  calorimeters  constructed  since  this  was  written  it  has  been  found  that  the 
amount  of  heat  given  oiT  per  100  c.c.  of  foot  (in  M.C. )  is  less  than  half  the  corresponding  amount 
for  the  hand  umier  the  same  conditions. 
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(/).     Direct  medsiirentent  of  the  trmpenifKrc.   of  the  venous  hinod. 

This  assumption  was  shown  to  be  permissible  by  directly  measuring  the 
temperature  of  blood  obtained  by  puncture  of  a  hand  vein  during  immersion 
of  the  hand  in  a  l)ath  of  known  temperature.  Suitable  precautions  were  taken 
to  avoid  the  loss  of  heat  as  far  as  possible  and  the  actual  loss  was  controlled 
by   "  dummy  "    experiments   with  water.     The    technique    was  as  follows  : 

A  small  glass  thimble  with  a  capacity  of  7  c.c.  was  surrounded  by  cork 
in  a  small  beaker  of  cajiacity  50  c.c.  In  the  thimble  a  thin  thermometer 
with  a  small  bulb  was  sujiported  tlirough  a  bored  cork.  The  beaker  was  slung 
in  very  tliin  wrapped  wire,  so  tliat  it  could  be  at  will  let  down  into,  or  with- 
drawn from,  a  tall  glass  cylinder  just  wide  enough  to  admit  it  freely.  A  large 
bath  holding  twenty-five  litres  was  sterilized  in  a  steam  sterilizer.  The  glass 
cylinder  and  a  large  stirring  spoon  for  the  bath  were  also  sterilized,  and  the 
bath  was  filled  with  sterile  water  at  the  required  temperature.  The  cylinder, 
held  in  a  clamp,  was  immersed  deep  in  the  bath  and  clean  mercury  poured 
into  it  so  as  to  form  a  layer  on  the  bottom  of  about  50  cm.  in  depth.  The 
beaker,  carrying  the  thimlile  and  thermometer  in  position,  was  then  lowered 
into  tlie  cylinder,  where  it  rested  on  the  to]i  of  the  mercury.  The  mouth 
of  the  cylinder  was  closed  with  a  plug  of  clean  cotton.  A  sharp  hyjjodermic 
needle  of  large  bore  was  sterilized  in  oil  in  a  test  tube.  The  test  tube  con- 
taining a  ]ilug  of  cotton  in  the  bottom,  on  which  the  ]ioint  of  the  needle  might 
rest,  had  l>een  sterilized  in  the  hot  air  oven  before  putting  in  the  oil  and 
needle.  The  needle  passed  through  a  small  piece  of  cork  which  ijermitted 
the  operator  to  handle  it  at  a  later  stage  without  imjiarting  heat  to  it  from 
his  fingers.  During  sterilization  of  the  needle  the  test  tube  was  heated  on  a 
sand  Ijath.  After  sterilization  most  of  the  oil  was  poured  out  and  the  test 
tube  closed  w  ith  sterile  cotton.  It  w  as  then  immersed  in  the  bath  by  slipping 
over  it  two  rubber  bands  jireviously  introduced  arountl  the  cj'linder.  These 
ke]it  it  fixed  to  the  cylinder.  The  hand  from  which  the  blood  was  to  be 
obtained  was  cleansed  in  the  ordinary  way  and  immersed  in  the  bath.  A 
thermometer  was  suspended  in  the  bath  and  another  near  at  hand  in  the 
air.  As  soon  as  the  minimum  period  of  immersion  of  the  hand  (usually  ten 
minutes)  had  elapsed,  the  bath  temperature,  the  air  tem^^erature  and  the 
temperature  in  the  thimble  were  read.  If  the  thimble  temperature  was  not 
yet  near  that  of  the  bath  a  further  interval  was  allowed  to  elapse,  the  bath  of 
course  being  frequently  stirred.  But  since  the  thimble  was  usually  put  into 
the  cylinder  long  before  the  immersion  of  the  hand  and  watch  was  kept  of  the 
approximation  of  its  temperature  to  that  of  the  bath,  the  two  were  generally 
suflficicntly  near  together,  at  the  end  of  the  normal  period  of  immersion  of 
tlu'  hand.  The  signal  being  then  given,  a  folded  towel  was  lightly  twisted 
around  the  forearm  so  as  to  compress  the  veins,  and  then  the  operator, 
whose  hands  had  been  sterilized,  rapidly  withdrawing  the  needle  from  the 
test  tube,  punctured  one  of  the  veins  on  the  back  of  the  hand  near  the  wrist, 
pushing  the  needle  in  toward  the  periphery.     The  tourniquet  was  instantly 
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withdrawn  from  the  arm  and  Mood  collected  in  tlie  thimble,  which, 
enclosed  in  the  small  bcakci'.  had  l)ct'n  taken  out  oi'  the  cylinder  at  the  moment 
of  ])uncture.  Usually  the  lidw  (if  blood  was  accelerated  by  punijiing  move- 
ments of  the  hand,  as  il  was  (ibvinus  Ihat-  the  imiy  eiinr  which  this  could 
introduce  would  be  to  increase  the  obseiM'd  exci'ss  of  temperature  of  the 
venous  blood  over  tluif  nf  tlic  bath  as  compared  with  the  true  excess  during 
normal  steady  flow.  If  it  tinned  out  that  even  with  the  accelerated  tiow 
the  excess  was  small,  it  would  be  certain  that  under  nornnxl  conditions  it 
must  be  still  smaller  and  therefore  negligible.  Unless  a  flow  of  4  or  5  c.c. 
of  blood  was  obtained  in  forty  or  fifty  seconds  the  ex])eriment  was  not  con- 
sidered a  good  one.  During  the  collection  of  the  blood  the  thermometer, 
held  by  its  supporting  cork,  was  sloped  within  the  orifice  of  the  thimble, 
so  that  the  Itlood  first  fell  on  the  bulb  as  it  dro]i]ied  from  the  needle.  The 
thimble,  of  cour.se,  remained  always  in  its  insulating  covering  in  the  beaker. 
The  time  from  the  beginning  to  the  end  of  collection  was  noted.  The  moment 
enougli  blood  had  entered  the  thimble  the  thermometer  was  put  in  place,  and 
the  reading  made  with  a  lens.  The  thermometer  was  watched  for  some  time 
longer  and  usually  rose  slightly  (about  1-10  degree)  for  a  few  seconds  after 
the  cork  was  put  in  ])Osition.  Having  reached  its  maximum,  it  then  sank 
very  slowly  owing  to  the  good  insulation  of  the  cork.  For  the  same  reason 
the  holding  of  the  beaker  in  the  hand  could  not  sensibly  heat  the  thimble, 
as  was  shown  by  a  se])arate  exjieriment. 

To  control  the  yiossible  amount  of  heat  lost  by  the  blood  in  ])assing  along 
the  needle  fiom  the  vein  and  diojiping  into  flic  tiiimble,  an  experiment  was 
always  made  with  water  after  the  collection  of  l)lood.  In  this  all  the  tem- 
perature conditions  were  imitated  as  closely  as  possible  and  also  the  rate 
and  time  of  out-fiow.  The  bath  itself  was  used  as  the  source  from  which  the 
water  was  drawn.  This  was  accom]ilished  by  suspending  in  the  bath  the 
rubber  bulb  of  a  small  enema  syringe  which,  just  Ijcfore  the  collection  of  the 
water  in  the  thimble,  was  filled  and  refilled  from  the  bath,  remaining  all  the 
time  immersed  in  it.  Connecteil  with  the  bulb  was  a  short  rubber  tube, 
which,  in  turn,  was  coiniected  with  the  hypodermic  needle.  The  thindjle, 
in  its  beaker  and  fitted  with  its  tlicrm(inict<'r,  was  sunk  in  the  glass  cylinder 
just  as  in  the  actual  cx]X'riuu'nt.  When  aii'  tem|)erature,  thimlile  temjier- 
ature  and  bath  tem])erature  corresponded  as  closely  as  was  practicable  to  the 
temperature  in  the  ai'tual  exjierinu'nt,  the  lieaker  containing  the  thimble  was 
taken  out  of  the  cylinder  and  an  anuiunt  of  water  a]i])i(>ximately  equal  to  the 
amount  of  blood  w  as  made  to  fall  by  dro]is  into  the  thimble  at  a  rate  as  nearly 
as  possilile  the  same  as  that  at  w  Inch  the  blood  had  previously  flowed.  That 
is  to  say,  the  drojis  were  slowed  or  accelerated  from  time  to  tinu^  so  that  the 
collection  of  the  inquired  ([uantity  of  water  was  com])leted  in  exactly  the 
same  time  as  that  needed  for  the  collection  of  the  blood.  The  temperature 
of  the  water  in  the  thiml)le  was  read  and  the  difference  between  it  and  the 
bath  temperature  was  taken  as  the  measure  of  the  unavoidable  cooling 
during  the  collection  of  the  blood       On  adding  this  amount,  w  Inch,  of  course, 
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was  small  when  the  experiment  was  carefully  done,  to  the  actually  observed 
blood  temperature,  the  true  temperature  of  the  venous  blood  as  it  flowed 
in  the  vein  was  supjiosed  to  be  arrived  at.  Probably,  however,  the  true 
correction  ought  to  be  somewhat  smaller,  since  it  was  not  practicable  to 
collect  the  water  without  withdrawing  a  portion  of  the  rubber  tube,  as  well 
as  the  whole  of  the  needle,  from  the  bath,  whereas  in  the  collection  of  the 
blood  there  was  nothing  corresponding  to  the  rubber  tube  to  cool.  A  portion 
of  the  needle  was  imbedded  in  the  skin,  and  a  further  portion  lay  in  contact 
with  the  skin.  Experiment  XI  is  an  example  of  one  of  the.se  experiuients. 
We  had  four  which  were  considered  successful,  two  of  them  carried  out  on  the 
same  individual  at  different  times.  A  fifth  experiment  was  only  partially 
successful,  the  ainount  of  blood  obtained  being  too  small  (a  little  over  1  c.c). 
Another  experiment,  the  first  one  performed,  was  rejected  because  although 
the  flow  ultimately  secured  was  sufficient,  too  long  a  time  was  occupied  with 
the  collection,  owing  to  the  withdrawal  of  the  needle  after  the  first  puncture. 
Tn  two  experiments  failure  resulted  because  there  was  no  flow  of  blood 
through  the  needle,  probably  owing  to  rapid  clotting.  This  was  before  the 
sterilization  of  the  needle  in  oil  was  resorted  to.  With  our  present  experience 
it  would  probably  be  perfectly  easy  to  secure  an  indefinitely  large  number 
of  good  observations,  although  cases  might  still  be  expected  to  be  encountered, 
«  here,  through  faulty  insertion  of  the  needle,  clotting,  or  the  small  size  of  the 
veins,  the  experiment  would  not  succeed.  But  since  the  information  sought 
had  been  obtained,  there  seemed  no  advantage  in  multiplying  the.se  experi- 
ments. The  writer  can  vouch  from  personal  experience  that  the  little 
operation  causes  hardly  any  pain,  and  we  have  never  seen  the  least  harm 
result  from  it.  A  pad  of  sterile  gauze  secured  by  a  bandage  was  worn  over 
the  puncture  for  twenty-four  hours. 

Exprriwf'nt  X  I. 

2. .".3  II. m.,     Riglit   liand   (of  S.)  put  into  hath. 
Hath.  Thtmble.  Room. 

2..-.:?  :ti-i)  ■M-r,  22-9 

3.(17  31-3.")  31-")  —  .\  little  wanii  water  w.-is  added  to  the 

3.13  3l-3.'>  31-45  —  hath   at    this   point. 

A  vein  on  the  l>ark  of  the  liand  was  now  pnnetured  hut  failed  to  yield  any  blood,  perhaps 
heoanse  the  needle  had  loinpletely  transfixed  the  vein.  Then  another  vein  was  punetured  and 
a  good  flow  obtained,  the  hand  exeeuting  pumping  mo\'ements.  About  2  c.c.  or  2'.5  e.c,  was  allowed 
to  escajie  before  collection  began.  Then  4.5  c.c.  was  collected  in  45  seconds,  the  greater  |iart  in 
the  first  15  seconds  and  the  rest  more  slowly  in  the  remaining  thirty  seconds. 

Teni|)erature   immediately   after  collection   of  the   blood — 
B.iTH.  Thimhle.  Room. 

31-3  falling      30-.S5  rising     24-2 
to   31-25  to   30-!l 

3.21   ]\m..         —  30-it  — 

(^onlrol  erpfrimvuta   iritfi   tratfr.      Fir^t  control  e.rpcrimfnt. 

Bath.  Thimhle.  Room. 

4,1(1  p.m..       31-3  3(1-7  22-3 

4.  IS  31-1  3(>()  23-fl 

4-5  r.c.  of  water  was  now  put  into  the  thimble  from  the  immersed  rubber  .syringe,  most  of  the 
water  being  allowed  to  flow  into  the  thimble  in  fifteen  .seconds,  the  rest  more  slowly  in  the  next 
thirty  seconds.  A  good  ]iart  of  the  rubber  tube  of  the  syringe  projected  above  the  water  during 
the  filling  of  tlie  thimble.     The  reading  of  the  thimble  thermometer  immeiiiately  after  was  30-5°. 
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Second  control  exfnritnent. 

Hath. 

Thimble. 

]-i(JOM. 

4..").j  p.iii.. 

:u-7 

:i(i-4."> 

2;j-4 

Now  put  4-r>c.c.  water  into  tliiinlile  from  the  iiiiiiiersed  s\ri!if»e,  allowing  the  water  to  ilrop 
nnifonnly  throuKhont  4.')  seconds.  The  teniperatiu'e  of  the  thimble  is  now  31-2".  Balli  tem- 
perature  immediately  after  is  31-0°.     Room,  23-4.° 

Third  lontrut  criirn'mint. 


JJ.\TH. 

Thimble. 

Room. 

i.dS  p.m. 

■.i\-2r, 

30-2 

23-4 

1-1(1 

.■il-2 

30-2.5 

23-30 

Now  put  4-.5  r.c  of  water  intct  thimlile  from  the  iMunerseti  syriii^^e,  all(t\\in^'  the  greater  |->art 
of  it  to  flow  in  diirin<;  the  first  fifteen  seconds  and  the  rest  more  slowly  during  the  ne.xt  thirty 
seconds,  as  in  the  blood  experiment.  The  rnbber  tube  of  the  syringe  ahnost  u|i  to  tlie  needle 
was  kept  immersed  during  the  tilling  of  the  thimble. 

Temperature  of  thimble  immediately  after  is  SU-iS"  rising  to  3U-8o''. 
a.l3i  p.m..     Temperature  of  bath,  31-1°. 

In  the  first,  control  exi)friinent  the  tliinible  temperature  reniainw  practi- 
cally unchanged  by  the  water  from  the  syringe.  The  difference  between  the 
final  thimble  temperature  and  the  bath  temperature  is  therefore  due  to  the 
cooling  of  the  water  on  its  way  to  the  thimble.  This  difference,  although 
the  maximum  for  the  three  control  experiments,  is  only  O-S*^.  If  we  add 
this  to  SO-y,  the  final  reading  of  the  thimble  thermometer  in  the  blood 
experiment,  we  get  31-4'^  as  the  temperature  of  the  blood  in  the  vein,  which 
is  only  0-1 5*^  above  the  final  reading  of  the  bath. 

It  will  be  instructive  to  quote  another  experiment,  made  on  a  different 
person,  in  which  although  equality  of  temperature  between  thimble  and  bath 
^^ as  not  waited  for,  a  difference  of  3  degrees  still  existing  at  the  moment  when 
the  blood  was  obtained,  practically  the  same  result  comes  out  when  we  allow 
in  the  calculation  for  the  amount  of  the  cooHng  of  the  blood  by  the  tliinible 
and  thermometer. 

ExprriiiunI  XII. 

Left  hanil  nf  1!.  II.  immcrM-d  fur  ten  uuniites  in  sterile  bath.  Temperature  of  batli  .'12-2'', 
of  thimble  2!l-l".  IMnod  obtained  from  \ein  on  back  of  hand.  No  tournicpiet  put.  on  arm 
during  insertion  of  needle.  The  flow  was  aided  b\  contractions  of  the  hand.  In  fort.\-  seconds 
5  c.c.  of  blood  was  recei\  ed  into  the  thimble,  the  thermometer  of  which  was  then  at  once  immersed 
in  the  blood.  It  read  .•!l-3°,  rising  to  31-4°  in  sixty-three  seconds  from  the  time  when  the  blood 
first  began  to  fall  on  the  bulb,  i.e..  about  twenty  seconds  after  the  collection  was  ended. 
The  hand  was  kept  in  the  bath  tluring  the  insertion  of  the  needle  and  while  the  blood  was 
being  collected.  TemiJerature  of  bath  iniiuediately  after  obtaining  the  blood,  32-2.°  Room 
temperature,  22-2.° 

Control  cjcpcrimcnis  with  water. 

First  control  c.epcrimcnt. 

B.4TH.  Thimble.  Room. 

33-2  30-7  21-9 

5  c.e.  of  water  put  into  thimble  from  the  immersed  syringe  in  forty  seconds.  Maximum 
temperature  of  thimble  now  32-2° 
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Second  conlrot  crjirn'mrnl. 

Bath.  Thimble. 

32-3  29-2 

5  c.c.  watpi-  put  iulo  thiiuljle.  iis  in  fir,-;l  ex|ipriiuent.  .Ma.\imiiiii  reai-licd  bv  tliiijililo,  .'!0-!r. 
Bath  just.  Hftcr  tilliiis  tliiuilile,  :!2-2°.      Rooiu,  22.")°. 

Tn  this  px|iPiiMient  it  is  noi-e.ss;try  to  take  ari-oiint  of  tho  water  rriuivalenl  of  the  thiiuhlc 
and  thenuomotei-  siiU'e  tlieso  are  heated  hy  tlio  blood.  The  thiuible  ueished  3-:i  graiurnes. 
Tlie  weight  of  the  jiai't  of  the  tlierniometer  steui  innuersed  in  tlie  blood  is  (l-:j  granirrie.  'J'otal 
glass  3-IJ  granuues.  TaUing  the  speeitie  heat  of  glass  as  (l-l>S,  the  water  equivalent  of  the  glass 
■would  be  0-(i4  gramme.  The  bidb  of  the  thermometer  displaeed  (t-2.')  c.e.  of  water  and  contained, 
say,  0-2  e.e.  or  2-l>  granmies  of  mi-ri'ury.  TaUing  the  spcriKc  heat  of  mercury  as  1-30  that  of  water, 
the  mercury  would  have  a  water  eipiivalcnt  of  0-(ls  granuue.  The  total  water  c(|uivalent  of 
thimble  and  thermometer  would  tluis  bo  (1-72  granuae.  But  the  upper  tliird  of  the  thimble, 
which  was  not  in  contact  with  the  blood,  would  withdraw  little  heat  from  it,  therefore  O-.l  gramme 
would  certainly  be  the  maximum  water  equivalent,  all  the  more  as  the  glass  even  of  tlie  lower 
two  tlnrd.s  eoidd  not  be  uniformly  heated  throughout  its  thickne.ss  in  the  time  of  the  temperature 
measurement.  For  simpUc-ity  let  us  take  the  water  equivalent  as  O-ii.  Assuiiiing  that  the 
specitic  gravity  of  the  blood  is  1-000  and  its  specilic  heat  0-11,  the  cooling  of  r>v.v.  of  blood  by  one 
degree  would  correspond  to  the  withdrawal  from  it  of  4-23  small  calories.     Thus  we  get 

2-3    X    05 

779^ oi'  ^''27,  say,   (l-2j 

as  the  amount  of  cooling  of  the  blood  due  to  the  heating  of  the  thindile,  etc.,  from  2i)-l°  to  31-4°. 
The  fall  of  the  temperature  due  to  the  dropping  through  the  air,  etc.,  can  bo  calculated  from, 
eny,  the  lirst  control  experiment.  The  temperature  of  the  thiudjie  was  raised  1  •,')",  ecpiixalent 
to  the  withilrawal  of  O-.')  ■■  1-j,  or  0-7.")  small  calories,  from  the  water,  which  would  lo«er  (he 
temperatinc  of  ,")  r.r.  of  water  by  O-l  j".  Hut  the  temperature  of  the  water  was  really  lowered  by 
one  degree,  therefore  a  fall  of  U-S't"  nnist  ha\  e  been  due  to  cooling  before  the  water  cutereil  the 
thind)le.  .\o  doubt,  a  portion  of  this  was  accounted  for  by  cooling  from  the  noii-inunei'sed  parts 
of  the  syringe  tube  and  connec-tions  not  represented  in  the  blood  experiment.  But  to  be  sure 
that  the  correction  is  suflieiently  liberal,  let  us  take  it  at  0-8°.     Tlieu  we  get 

31-4   +   0-2o   +    0-S   =    32-4.3 
as  the  temiicrature  of  llic  blood  in  the  \cin,  an  excess  of  0-2.5°  o\cr  tlic  temperature  of  the  bath. 

It  is  clear  that  tlif  groatt-r  the  tlitiefeiiet^  hetueeii  tlie  temperature  oi 
the  bath  and  that  of  the  arterial  blood,  the  greater  will  be  the  periuaiieiit 
excess  of  the  temperature  of  the  venous  blood  over  that  of  the  bath.  The 
experiments  quoted  show  that  for  bath  tem^ieratures  in  the  neighbourhood 
of  :50"  the  error  in  taking  the  temperature  of  the  venous  blood  as  equal  to  that 
of  the  bath  would  not  be  more  than  Ty. 1 5  or  .,\,r  th  of  T  —  T'  (the  ditl'erence 
between  the  temperatures  of  the  arterial  and  venous  blood  in  the  formula 
for  calculating  the  blood  flow)  or  less  than  4  per  cent.,  which  is  negligil)le.  As 
already  pointed  out,  the  approximation  of  venous  temijerature  and  l)ath 
temperature  must  be  still  closer  when  the  blood  flow  is  not  abnormally 
accelerated  by  the  movements  of  the  hand  (see  also  footnote  p.  45.) 

One  experiment  (Experiment  Xlll)  was  made  on  the  leg  of  a  dog.  As 
^^as  foreseen,  the  conditions  were  less  favourable  here  than  in  the  human 
hand  for  obtaining  a  close  aj>proximation  of  the  temperature  of  the  venous 
blood  to  that  of  the  bath.  Yet  the  experiment  may  be  cited  as  i^robably 
giving  a  fair  idea  of  the  conditions  which  would  be  encountered  in  ajjplying 
the  method  to  the  measurement  of  the  blood  flow  in  a  large  jiart  of  roughly 
cylindrical  form  like  the  human  arm.  It  must  be  pointed  out,  however, 
that  even  here  the  result  deduced  on  the  assumption  that  the  average 
temperature  of  the  venous  blood  is  the  same  as  that  of  the  bath  w  ould  fix  the 
minimum  value  below  which  the  blood  How  could  not  lie,  a  value  for  most 
purposes  more  important  than  a  maximum  value.     When  in  the  hand  the 
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conditions,  cspcclall}'  the  temperature  of  the  bath  and  ealurinieter,  are  sueh 
tiiat  the  average  temperature  of  the  venous  IjIoocI,  inehuliug  the  blood  from 
the  deep  veins,  must  be  appreciably  higher  than  that  of  the  bath,  the  blood 
flow  calculated  on  the  assumption  that  the  two  tempei'atures  are  the  same  is 
also  necessarily  less  than  the  true  flow.  A  correction  could  of  course  bo 
ai3plied,  did  we  know  tlie  true  temperature  of  the  venous  blood.  For  many 
purposes,  however,  and  especially  in  comparative  observations,  the  results 
arc  almost  as  useful  when  they  give  relative  as  when  they  give  absolute 
values  and,  so  far,  the  task  has  not  been  undertaken  of  attempting  to  fix 
the  actual  excess  of  temperature  of  the  venous  blood  over  that  of  the  bath 
for  a  wide  range  of  temperatures,  or  tiie  difference  between  the  temperature 
of  the  blood  in  the  sujierHcial  veins  and  that  coming  from  deeper  parts.  As 
already  stated,  the  hand  was  chosen  as  the  most  favourable  object  because 
its  shajje,  its  dimensions  and  the  situation  of  its  blood  vessels  seemed  almost 
a  priori  to  eliminate  the  necessity  of  examining  these  questions  for  the  jjurpose 
of  the  investigation.  A  comparison  of  the  results  obtained  by  the  "  stromuhr" 
on  the  limb  of  an  animal  with  those  yielded  by  tiie  calorimetric  method  might 
enable  the  average  temperature  of  the  venous  blood  to  be  determined  indirectly. 

Experiment  XIII. 

A  iUjj;  wi'ighiiif;  li'S  Uilus  was  iviiipstlietizcil  witli  morphinu  hirI  uther.  It  was  a  slicprt-liHired 
animal,  and  llie  right  leg  was  )iai1ially  shaved  below  the  iniddlo  of  the  thigh.  A  short  glass 
caiiniila  was  inserted  into  the  peripheral  end  of  the  V.  sapliciia  inai/na  a  little  helow  its  opening 
into  the  femoral  \eiii.  The  right  hind  leg  was  immerseil  in  a  large  hath  at  L'L'-2'\  Kooi?i  teiu- 
)ieratnre.  2'2°.  'I'he  lieaker  containing  the  tliindile,  as  presionsly  descrihed.  w  ith  (he  thermometer 
in  place  in  the  thimble,  was  innuei'sed  in  tlie  bath  some  time  before,  being  pnshetl  throngh  a 
eircnlar  hole  in  a  piece  of  wood  floating  in  the  bath  and  held  in  ])osition  in  the  hole  by  strips  of 
sticking  plaster.  The  tein]peratiire  in  the  thimble  having  become  nearly  eqnal  to  tliat  of  the 
!)atli,  some  blood  was  eollected  from  the  vein.  The  temjjeratnre  in  the  thindile  rose  to  ^Hi", 
while  that  in  the  bath  wa.s  22'li°.  .As  alreatly  explained,  the  lower  the  bath  temperature  the  greater 
tlie  ex<'ess  of  teniiierature  of  the  \enons  blood  most  be  for  a  given  rate  of  flow. 

{'2)  Further  evidence  showing  that  the  temperature  of  the  venous 
blood  is  near  that  of  the  bath  is  obtained  when  tiie  blood  flow  in  the  hand 
of  one  and  the  same  individual  is  measured  with  the  bath  at  ditferent  tem- 
peratures, all,  however,  within  that  range  which  is  subjectively  indifferent 
to  the  hand,  and  so  far  as  is  known,  incapable  of  causing  reflex  vaso-motor 
efl'ects  of  any  moment.  When  the  other  conditions  arc  kept  constant  and 
only  the  bath  temperature  varies,  it  is  found  that  the  blood  flow  calculated 
on  the  assum])tion  that  the  temperature  of  the  venous  blood  is  practically 
the  same  as  that  of  the  bath,  comes  out  ap2>roximately  the  same  for  the 
different  bath  temperatures.  This  is  seen  particularly  well  when  the  two 
hands  are  immersed  in  water  of  dift'erent  temperatures,  of  course  within 
the  range  alluded  to,  and  variations  in  the  heart's  action  and  changes  in  the 
general  activity  of  the  vaso-motor  mechanism  thus  eUminated,  as  in  Experi- 
ment XIV.  It  is,  of  course,  mathematically  possible  that  this  result  should 
follow  if  instead  of  the  venous  tem])erature  being  so  near  that  of  the  bath  in 
the  different  exjieriments  tliat  tlie  ditference  is  negligible,  the  excess  of  venous 
temperature  over  bath  tciujierature  is  always  the  same  fraction  of  the  difl'erence 
betweenthetemperatureof  the  arterial  blood  and  that  of  the  bath.  If  the  fraction 
is  made  small  enough, indeed,  the  two  assumptions  would  yield  the  same  result. 
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ExprriiH-nif  XI  V 


Time. 

Put  right  liand  of  M. 

12.13  p.m.. 

C.  in  bath  at  2!t-0°,  Ipft  hand  in  bath  at  32-0°.   Pulse  (sitting) 

HH°. 

.Mouth  teiii 

perature,  36-t>3°.     Rectal  temperature,  37-0^ 

12.24 

Hands  |ii 

t  into  ralorhiietprs,  right  into  R,  left  into  L. 

R 

L 

Ruo.M. 

XoTE.S. 

12.23 

2K14 

30-!l3 



12.2f) 

2S.37 

31  02 

2(»-.J 

Right  hand  feels  distinctly  colder  than  left. 

12.27 

2S-4!t 

31-11 

— 

12.2S 

2S(U 

3117 

2(P-.'i 

12.2!i 

2S.7(I 

31-24 

— 

12.30 

2S-S2 

31-32 

— 

Right   hand  does  not   now  feel  so  distinctly 

12.31 

2s  1.12 

31-1(1 

colder  than  left. 

12.32 

2:i-(t2 

31-43 

12.33 

2'.llll 

31.-1(1 

2((-."i 

12.34 

2il-24 

31 -.-.7 

-  - 

12.3.-. 

2'.l-3r, 

:•,  1-1.3 

— 

12.3ii 

2'..I-4>S 

31-7(1 

Left  hand  still  feels  a  little  warmer  than  right 
when    the    fingers    are    moved,    but    not 
otherwise. 

12.37 

2'.t-."iX 

:!l-73 

2(1-7 

12.3S 

2!»(17 

31-S2 

— 

12.3!t 

2'.l-7U 

3 1  -S.->.-) 

- 

Hanils  l-aiicn  out   of  calorimeters  at    12.39. 

12.3!»». 

2'.t-7ii 

31-S.-).") 

12.47J 

2',tll2 

31-71 

2(1-3 

From  this  experiment  the  following  rates  ol  flow  can  be  calculated. 
For  the  right  hand  13-(.)(5,  for  the  left  hand  13-48  grammes  per  100  o.c.  per 
minute  (see  Table  I,  M.  C,  26)  taking  the  temperature  of  the  arterial 
blood  as  36-5°. 

The  calorimeters  were  now  emptied  and  an  experiment  (Experiment  XV) 
j^erformed  on  the  same  subject,  but  with  both  hands  at  approximately  the 
same  temperature  as  that  of  the  left  hand  in  the  previous  experiment. 


Exprrimi  III   X  V 


Time. 

12.51i 

Put  barn 

s  (iM.   C.)   in    bath   at    3 

2  1°. 

i\ 

L 

Ruu.M. 

Tl.-MK. 

R 

L 

Roo.li. 

1.(12 

31-4() 

31-53 



1.15 

31-83 

31-H2 

— 

1.04 

31-42 

31-50 

— 

l.K) 

3 1  -03 

32-01 

— 

1.064 

3 1 -ay 

31-4'J 

— 

1.17 

3 1  -!I8 

32-04 

20-9 

1.07 

31-37 

31-4t> 

— 

1.18 

32-04 

32-10 

— 

1.08 

Hands 

nit  in  calorimeters. 

1.1'J 

32-10 

32-15 

— 

1.10 

31-48 

31-5(i 

20-'J 

1.20 

32-17 

32-23 

20-8 

1.11 

31-.-)7 

31 -('.7 

— 

Ham 

Is  taken  ou 

of  calorimeters. 

1.12 

31-(i4 

31-72 

2(1 -U 

1.201 

32-17 

32-23 

— 

1.13 

31-71 

31-80 

— 

1.25A 

32-07 

32-13 

— 

1.14 

31-78 

31-S.-, 

21-0 

1 .  28^ 

32-02 

32-Olt 

From  this  experiment  we  get  for  the  flow  in  the  right  hand  loOI  grammes 
and  for  the  left  hand  15-27  grammes  per  100  c.c.  per  minute  (see  Table  I, 
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M.  C,  27).  In  both  hands  the  How  is  gruatcr  tliaii  in  the  previous  experiment, 
but  again  it  is  practiealiy  ei^uai  in  the  two  hands,  the  shght  preponderanee 
of  the  left  being  maintained. 

In  a  third  experiment  (Experiment  XVI),  begun  ten  minutes  later  and 
with  both  hands  at  an  initial  temperature  of  a  little  below  2!J'-'  in  the  calori- 
meters, and  an  average  temperature  of  about  29-5",  a  flow  of  14-23  grammes 
per  100  c.e.  per  minute  was  obtained  for  the  right  hand,  but  only  10-85 
grammes  per  100  e.c.  per  minute  for  the  left  (for  the  first  five  minutes  of  the 
experiment)  (Table  I,  M.  C,  28).  Here  the  discrepancy  is  unquestionably 
due  to  vaso-motor  interference,  which  often  shows  itself  after  prolonged 
immersion,  especially  at  the  lower  temperatures,  by  diminished  blood  How 
and  particularly  by  marked  inequality  of  flow  in  the  two  hands.  It  was 
noticed  by  the  subject  during  Experiment  XVI  that  the  left  wrist  felt  colder 
than  the  right.  In  the  light  of  experiments  on  the  vaso-motor  reflex  effects 
to  be  cited  later  on,  the  result  of  the  third  experiment  points  to  a  moderate 
reflex  vaso-constriction  by  the  relatively  cold  water  in  the  calorimeter, 
evoked  especially  from  the  left  hand,  perhaps  by  accidental  wetting  of  the 
wrists  and  affecting  the  flow  in  both  hands,  although  of  course  more  markedly 
that  in  the  left.  For  the  next  nine  minutes  of  the  exjoeriment  the  flow  comes 
out  11-84  grammes  for  the  right,  and  10-31  grammes  per  100  c.c.  per  minute 
for  the  left,  the  increasing  vaso-constriction  beginning  now  distinctly  to  affect 
the  right  hand  also.  The  next  experiment  (Experiment  XVII),  which  was 
designed  to  test  the  effect  of  different  bath  and  calorimeter  temperatures  on 
the  flow,  was  vitiated  for  this  purpose  by  reflex  vaso-constrictor  action,  but 
may  for  this  very  reason  be  profitably  ({uoted  here,  as  it  presents  in  an 
interesting  way  the  marked  influence  of  this  factor  and  emphasizes  the 
necessity  of  eliminating  it  as  far  as  possible  by  projjerly  choosing  the 
conditions  in   comparative  measurements  of  blood  flow. 

Exjirrimtitil  XV 11. 


3.2.3  ji.in. 


Hands  (M.  (_'.)  |ui(  in  liadi  iit  :iO-2'.      Month  teniperatiire,  30-0'.     Rectal  teni 
l-ierature,  37-1^.     Pulso  (sitting)  SS. 


Time. 

R 

L 

Notes. 

3.34 

29-til 

29-01 

Hooni   21-1°. 

3.3r,i 

— 

— 

Put  liands  in  caloriiueters,     3,015  e.c.  water  in  eat-h. 

3.30 

29-01 

29-02 

3.37 

29-70 

29-tJ9 

3.38 

29-79 

29-77 

3. 3!) 

29-89 

29-80 

3.40 

29-90 

29-93 

3.41 

30-03 

30-01 

3.42  . 

30-10 

30-06 

3.43 

30-18 

30-14 

3.44 

30-27  - 

30-23  - 

Now  withdrew  about  500  c.c.  of  water  from   L  and  re- 

3.4S 

30-43 

27-50 

placed  it  b.\-  exactly  the  same  amount  of  cold  water. 

3.49 

30-59 

27-07 

stirring  well.     The  change  was  completed  at  3.47J 

3.50 

30-00 

27-80 

p.m.. 

3.51 

30.70 

27-89 

Ilouin   21-5'^. 
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E.rprrimrnt  X  I'll — cjv.finu'd. 


Time. 
.■J.o2 

i; 
:!o-7ii 

L 

NOTE.S. 

27-1I3 

TIr-  lijjlit  liaiid  loels  »iinii,  IIh-  lott  cciiil. 

;!.r);! 

.'iO-SO 

28-01 

3.54 

30-84 

28-07 

Now  wit lidrew  about  500  e.(-.  water  from  R  anil  rpplac/eil 
it  0\'  oxaf-tl\"  the  same  aiiK)Uiit  of  cold  water.  Change 
cornjilete   at   3.50.1    |t.ni.. 

3.57 

28 -o:; 

28-37 

Ki^^ht  hand  now  feels  just  a  little  eooler  than  left. 

.■{.58 

28-13 

28-20 

Kooiri    21 -.5'^. 

:}.r>y 

28.21 

28-31 

Right  wri.st  still  feels  eolder  than  left,  hut  lingers  of  both 

4.()U 

28-28 

28-35 

hands  feel  the  same. 

4.01 

28-33 

28-.31I 

4.(12 

28-40 

28-43 

Right  hand  feels  cooler  than   left. 

4.i);i 

28-45 

28-40 

4.05 

28-54 

28-52 

Now  witlidro\\"  al^nit  SOO  c.r.  from  each  i-Hluriniefer  and 
replaced    it    li.\    e\actl\    the   same   amount   of   warm 

4. 1 1 .1 

31-!I2 

.3  1  -83 

water.      Change   complete   at    4.  KM,    p.m.. 

4.12.1 

31-113 

3 1  -S3 

The  hands  feel  wai-ni  and  both  tlie  same. 

4.14" 

31 -'.14 

31-82 

4.15 

3I-!I7 

31 -SO 

Room   20-2". 

4.10 

3I-!I8 

31-80 

1.17 

3  1  -1111 

3 1  -8  1 

The  hands  feel  (cimfortnblc  but    ikpI    \er\    warm. 

4.18 

32-02 

3  1  -8 1 

beft  hand  feels  a  little  eolder  llian  right. 

4.  lit 

32-03 

3 1  -82 

Room  2 10". 

4.20 

32-00 

3 1  -83 

4.21 

32-08 

31-83 

4.22 

32-10 

31-84 

4.21! 

32- 1  1 

31-80 

4.24 

32-13 

31-87 

4.25 

32-10 

31-88 

Hands  taken  out   of  calorimeter^-.      Both  collars  slightly 

4.34 

32-01 

31-74 

\\'pt.      Ritom   21  ■7'-'. 

Volume  of  right  hand  470  e.e..  X'olmne  of  left,  4l)tt  e.e..  The  marks  were  not  quite  s.vm- 
nietricallv  placed  on  the  two  hands,  which  acc-omits  for  the  difference  in  their  voliune  being 
smaller  tlian  usual.     From  the  above  data  the  blood  How  eomes  out  as  follows  : 


Ilai>4. 

M.-all 
tPiiip'iaturf  ol 
'■al'>rinietcr.'s. 

H 

,,,_.,„ 

Q  111 
fitr.-uiimes. 

Number  of 
mliiutef-. 

Bt'ioiJ  Mow  (ler 

lou  c.c.  or  liand 

]*r  mlniue. 

1  Right 

21I-1I4 

2030 

0-(iO 

54-07 

8 

11-7 

1  Left 

2H-lt3 

24(iO 

{i-ti7 

51-23 

8 

11-1 

1  Right 

30-li4 

li;7s 

5-00 

52-14 

i; 

11-1 

1  Left 

27-82 

20 1 7 

8-78 

42-54 

ti 

'J-2 

1  Right 

28-20 

20S1I 

S-31 

34  03 

s 

7-4 

/  Left 

28-30 

1435 

8-24 

24-02 

s 

5-2 

1  Right 

32-07 

1 23.3 

4-5.3 

.30-24 

10 

0-4 

1  Left 

31-84 

854 

4-70 

111-03 

10 

4-3 

It  w  ill  bo  observed  that  there  is  a  progressive  decUne  in  the  blood  floM , 
which  is  scarcely  arrested,  and  in  the  ease  of  the  left  hand  is  not  arrested  at 
all,  even  by  a  teniperatin'e  of  about  32*^.  There  is  little  doubt  that  the  reason 
of  this  is  the  vaso-constriction  caused  by  the  exposure  of  part  of  the  pre- 
viously immersed  hand  in  the  calorimeters  while  the  water  was  being  changed. 
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(■V)  Rdutioit  between,  lite  skiit  temperalHre  over  a  vein  ut  the  tcrial  and 
tentpcralure  of  bath  in  ivhich  the  hand  is  iinniersed. — An  interesting  illustration 
of  the  manner  in  \\hieh  the  temperature  of  the  venous  blood  follows  that 
of  the  hath  is  afforded  by  measuring  the  skin  teniperature  over  one  of  the 
larger  veins  at  the  wrist  b}^  means  of  a  tliermometer  Mhose  bulb  is  eovered 
with  insulating  material  except  where  it  touches  tlie  skin,  while  the  hand  is 
immersed  in  baths  at  various  temperatures.  Here  the  skin  tem])erature  is 
altered  by  conduction  of  heat  through  the  structures  between  the  thermometer 
and  the  lumen  of  the  vein.  The  true  temperature  of  the  venous  blood  cannot 
of  course  be  obtained  in  tliis  way,  since  the  surface  temjjerature  is  affected 
also  l)y  conduction  from  the  capillaries,  arteries  and  the  subjacent  structures. 
Nor  can  the  response  to  an  alteration  of  the  temperature  in  tlie  bath  be  as 
prompt  as  tlie  actual  change  of  temperature  in  the  blood  of  the  su})erficial 
veins.  Nevertlieless,  tlie  fairly  rapitl  and  close  correspondence  between  tlie 
temperature  over  tlic  wrist  vein  and  that  of  the  bath  makes  it  certain  that 
the  eorresiiondcnce  between  the  venous  blood  itself  and  the  liath  is  still 
closer  and  more  i)roinpt.  A  piotocol  (of  Exijcriiuent  XV'lll)  will  best 
illustrate  tlie  kind  of  tiata  \-icldcd  by  this  method. 

Erjjrn'nii  HI  X  I'll  I. 

A  sniHll  tliermoniettT  was  atdidieil  by  strips  uf  sticUiiif,'  iilasdT  on  (lie  left,  anii  (of  S.),  with 
tlio  lnill>  exiictly  over  the  bes'iinint;  of  the  nulial  \eiii  and  the  lower  eclt;e  of  the  Inilh  just  above 
the  wrist  joint.  Here  the  \ein  (of  S.,  whieh  ean  lie  seen  through  the  sUin)  lies  on  bone  and  is 
not  near  any  large  artery.  Henee  the  teinperature  of  the  skin  over  it  is  more  likel\  to  be  easil\- 
affected  b\-  ehanges  in  the  temperature  of  the  blood  in  its  lumen.  The  bulb  was  inserted  into  a 
small  cork  bored  to  fit  it  and  then  cut  off  Hat  at  one  side  so  as  to  expose  this  surface  of  the 
bulb,  whicli  was  accurately  in  contact  with  the  skin  over  the  vein.  Below,  the  hole  in  the  cork 
was  closed  by  cotton,  cork  and  cotton  being  secured  to  the  skin  by  sticking  [tlaster.  In  other 
oliservations  the  hole  was  not  bored  right  through  the  cork,  and  then  the  plug  of  cotton  was  not 
needed.  Hy  carefully  a|)plying  the  jilaster  it  was  not  difficult  to  secure  the  thermometer  so 
that  it  tlid  not  shift  its  position  in  the  least  during  any  ordinary  manii>ulation  of  the  arm  and 
hand.  Indeed,  the  observer  could  put  on  and  off  his  laboratory-  coat,  interrupt  the  ex- 
periment to  attend  to  other  duties,  and  return  to  it  still  wearing  the  thermometer  <|uite 
undisturbed  on  the  arm.  This  i.s  mentioned  to  show  that  the  changes  of  temperature  indicated 
by  the  thermometer  when  the  hand  was  put  into  the  bath  could  not  bo  due  to  the  shifting  of  the 
bulb,  but  were  certainly  cau.sed  by  ehanges  in  the  tem]jerature  of  the  venous  blood. 

Tlie  small  thermometer  having  become  steady  at  ;i.'i-li°  with  the  hand  in  the  air,  tlie  hand 
was  immersea  in  the  large  bath  at  2S-'J°  up  to  a  le\  cl  about  two  cm.  below  the  bulb  on  the  wrisl . 
The  temiierature  indicated  by  the  small  thennometer  sank  steadil\'  to  :;i)-l)°,  at  which  it  remained 
constant.  The  hand  was  imuicrscd  for  ten  minutes,  at  the  end  of  which  time  the  bath  temiier- 
ature was  still  2S-U".  The  hand  was  then  taken  out  and  the  liath  temperature  made  2.5-7°. 
On  immersion  of  the  hand,  the  small  thermometer  became  steaily  at  2S-U°.  With  bath  temiier- 
ature 22-S°,  the  steady  reading  of  the  small  thennometer  was  2d-4°,  The  liatli  temperature 
was  now  made  30-.3".  At  the  moment  of  immersion  of  the  hantl  the  small  tbcruiometer  read 
2.5-4°,  not  having  risen  in  the  short  interval  since  the  last  immersion  (the  baths  were  very  ra|iidly 
prepareil).  In  six  minutes  from  the  beginning  of  immersion  of  the  hand  the  small  thermometer 
rose  to  30-5°.     In  three  minutes  more  it  read  31-0°. 

i>'timmir'j  of  cxpcnmrnl. 

Rath.  Skin   over  wrist  \cin.  Difference. 

2.S'.i  2;i.|l  -P    (I.7 

2.5-7  •  2S-U  -r    2-:j 

22-X  25-4  -f    2-(i 

30-5  31-0  +    0-5 
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The  clmngc  of  tcmpcratuio  shown  Ijy  the  wriat  tlieimometer  is  not  in 
any  important  degree  clue  to  a  reflex  vaso-constriction  in  the  wrist 
itself  when  the  hand  is  immersed.  For  (a)  a  vaso-motor  reflex  induced 
in  this  ^^•ay  is  a  very  rapid  affair,  as  we  shall  see  in  the  subsequent  paper 
dealing  with  such  changes  in  the  blood  flow  of  the  hand.  Now  the 
adjustment  of  the  wrist  thermometer  to  the  bath  temiJerature  is  quite  gradual. 
(b)  A  bath  temperature  of  29'^  or  SO*^,  at  which  we  find  tiie  steady  reading  of 
the  wrist  thermometer  several  degrees  lower  than  the  reading  of  the  hand  in 
air  at  ordinary  room  temperatures,  does  not  cause  any  decided  vaso-motor 
excitation,  (c)  A  change  in  the  rate  of  blood  flow  in  the  hand  immersed 
in  the  bath  can  be  shown  to  cause  a  small  but  definite  change  in  the  temi)er- 
ature  over  the  wrist  vein  after  it  has  been  allowed  to  become  steady.  This  is 
illustrated  in  Experiment  XIX. 

Experiment  XIX. 

The  small  theriiioineter  was  fasteneJ  as  in  the  previous  experiment,  but  on  the  right  wrist 
of  another  subject  (M.  C. ). 

11.47  H.ni..     Hanil  put  into  bath  at  31-2°.      Room  temperature,  L'2-'J°. 

Time.  Room.  Bath.     Skin  over  wrist  vein. 

II..-.  1  —  —  :{•-'•!) 

ij.im;  21-7  30-'j  :j2-5 

IL'.OS  -  32-4 

I2.UII  -  —  ;{2'5.')  .\fter  working  hand   for  one  minute. 

12.11  21-3  3U-S  :i2-2j 

12.12  —  —  32-2 

12. 1.'i  —  —  32-1  .\lter  working  hand    J   minute. 

12.14  —  —  32-2  -After  working  hand    \\  minutes. 

Although  the  change  is  not  great,  tiie  thermometer  used  enabled  it  to  lie 
detected  with  certaint}'.  The  first  effect  of  causing  the  hand  to  execute 
pumping  contractions  is  to  reduce  somewhat  the  temperature  over  the  wrist 
vein.  Then  as  the  hand  movements  are  continued  the  temperature  rises 
again.  The  first  effect  is  most  easily  explained  as  due  to  rapid  passage  along 
the  radial  vein  of  blood  already  contained  in  the  hand  veins  and  therefore 
at  a  lower  temperature  than  the  skin  at  the  wrist.  The  second  effect  would 
be  due  to  the  increased  circulation  in  the  hand  and  therefore  the  increased 
inflow  of  relatively  warm  arterial  blood,  which  has  less  time  to  cool  in  its 
passage  througii  the  hand  than  w  hen  the  part  is  at  rest.  The  first  effect  would 
not  be  seen  in  blood  collected  directly  from  a  hand  vein,  as  it  is  not  due  to 
actual  lowering  of  the  temperature  of  the  blood  passing  through  the  vein 
liut  only  to  increase  in  the  flow  of  relatively  cool  blood,  w  hich  allows  a  greater 
amount  of  cooling  of  the  skin  of  the  wrist  by  conduction.  This  effect, 
accordingly,  could  not  introduce  any  error  in  the  experiments  in  which  the 
temjjerature  of  the  venous  blood  collected  from  the  immersed  hand  during 
pumping  contractions  was  directly  measured.  On  the  other  hand,  the 
second  effect  w  ould  tend  to  exaggerate  the  apparent  excess  of  temperature 
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of  the  venous  blood  as  compared  with  that  of  the  bath.  The  experiment 
just  quoted  shows,  then,  that  the  observed  excess  of  the  venous  blood 
directly  collected  is  greater  than  the  real  excess  although  it  does  not  enable 
us  to  say  how  mueli  greater. 

(4).      Tlie  ■■^/ope  of  tentjieratiire  in  the  hand  with  given  bath  temperntures  and 
the  time  of  immersion  necessary  for  a  steady  state  to  be  reached. 

Up  to  the  present  the  question  has  not  been  discussed  whether,  granted 
that  w  ith  a  sufficient  period  of  immersion  in  a  bath  the  temperature  of  which 
is  not  ton  far  from  that  of  the  arterial  blood,  the  temperature  of  tlie  l)loo(i 
in  the  su]>erfirial  veins  l)eeomes  jiraotically  the  same  as  that  of  tlie  bath, 
this  can  be  assumed  also  without  material  error  for  the  ^lortion  of  the  blood 
whirli  issues  by  deeper  veins.  Connected  with  this  question  is  the  question 
of  the  slope  of  temperature  from  dee])er  to  more  superficial  layers  of  the 
hand,  once  a  steady  state  has  been  established  with  a  bath  of  given  temper- 
ature. It  is,  of  course,  perfectly  clear  that  under  two  conditions  the  tem- 
perature can  be  made  uniform  tiiroughout  tiie  hand  and  ec{ual  to  that  of  th<> 
bath  :  (a)  with  circulation  going  on  and  bath  temperature  the  same  as  that 
of  the  arterial  blood  ;  (6)  with  circulation  stopjied.  the  bath  temjierature 
being  immaterial.  The  establishment  of  uniform  temperature  under  the 
first  condition  has  been  already  alluded  to  in  connection  with  the  deter- 
mination of  the  actual  temjierature  of  the  arterial  blood.  Tlie  rate  at  which 
uniform  temperature  is  established  under  the  second  condition  was  studied 
on  a  hand  obtained  from  the  dissecting  room,  material  not  altogether  siiitable. 
l)ut  the  best  which  could  be  got  (Experiment  XX). 

Kx.perimrnt  XX. 

A  tliin  tliennonieter  was  pushoti  ilovvn  from  the  wri.st  into  tlip  palm.  .\fter  tlie  experiment 
the  position  of  the  therniometer  Imlh  \va,s  verifieil  hy  riittin;^  down  on  it.  It  Ia\'  Itetweeti  the 
flexor  tenilons  of  the  iiulex  tinfrer  on  the  ninar  siUe  anil  the  muscles  of  the  hall  of  the  timmh  on 
the  radial  side.  Tlie  lower  end  of  the  liiilh  was  at  a  le\el  a  little  helow  the  metaearpo  plialani;eai 
joint  of  the  tluimh.  The  thickness  of  tissue  over  the  Imlh  on  the  palmar  aspeet  would  varv 
from  ahoiit  4  mm.  to  S  mm.. 

2.0fi  p.m..  The  thermometer  in  the  hand,  wliieh  had  heen  lying  neara  window,  was  at  12-;i '. 
The  hand  was  now  snspended  liy  a  fine  copper  wire  in  a  large  hath  so  that  the  level  of  the  water 
was  .safely  helow  the  cut  surface  at  the  wrist.  The  initial  temperature  of  the  hath  was  3;{-.")^". 
with  constant  stirring,  the  following  series  of  readings  of  the  hand  and  hath  themiometers  was 
taken. 


Tl.MK. 

Ham.. 

Hath. 

Tl.MK. 

Hano. 

Bath. 

2.0H 

12-3 

33-.-. 

2.41 

3  It) 

32-2 

2. OS 

l.-.l 

— 

\t  2.41  clianged 

the  water  in  the  hath  rapidlv 

2.0(1 

Hi-.-. 

33-4 

One  minute 

spent  in  chang 

inj;  it. 

2.11 

Ill-O 

33-4 

2.4lt 

3  1  -3 

241 

2.13 

21-2 

33-3 

2.,-)  I 

2!1-9 

24- 1 

2.1.^; 

23-1 

33-2 

2..-)3 

2S-S 

24  1 

2.17 

24-!l 

33-2 

2..-..-. 

27-'.l 

24-0 

2.  in 

211-2 

33- 1 

2.  .-.7 

■^-.0 

24  (1 

2.21 

27-3 

33  (1 

2..-.!! 

211-.". 

24(1 

2.23 

2S-2 

— 

3.01 

2."i'.l 

23!l 

2.27 

.30- 1 

32-7 

3.03 

2.">il 

23  11 

2.30 

3II-'.I 

32r, 

3.011 

2.-.I 

23il 

2.33 

31-2 

32-4 

3.10 

24  (1 

23  S 

2.37 

31-1.-. 

32-3 

3.13 

24-3 

23  S 
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Fiir.  12.  Curvp  sliowins  rate  of  onuiliictinn  of  lietit  tlirough  tissues  (jf  liaiid  I  IC\-]ierinierit  XX|. 
Degrees  along  vertieftl,  minutes  along  horizontal  axis.  Upper  eurve,  bath  tein])erature; 
lower  curve,  temperature  .shown  by  thermometer  inserted  subeutaneousl^y  into  a  hand  from 
the  ilisser-ting  room  inunerse<l  in  tlie  hath. 

The  results  are  graphically  represented  in  Fig.  12.  The  tipper  curve 
gives  the  cooling  of  the  bath  and  the  lower  the  warming  of  the  hand,  which  is 
at  first  rapid,  then  slower  and  slower  as  the  bath  teni])erature  is  a])proached. 
It  will  be  seen  that  in  35  minutes  a  difference  in  temjieratiire  of  21-2^'  between 
hand  and  bath  was  reduced  to  O-fi''.  A  difference  of  5-7'',  wJiich  is  probably 
rpiite  as  large  a  difference  as  normally  exists  between  a  layer  of  tlie  living 
hand  corresponding  in  depth  to  the  jiosition  of  the  thermometer  l)uib  and  a 
batli  at  :10'-^,  was  reduced  to  ori*-"  in  20  jninutes,  and  in  12  minutes  to  1-2'-'. 
The  curve  of  heating  of  the  calorimeter  in  Ex]ieriment  VI  on  the  specific  heat 
of  a  fresh  hand  (Fig.  5)  dis])lays  the  same  phenomenon,  the  flow  of  heat, 
as   regards  tlie  hand,  proceeding  in  the  reverse  direction. 

To  gain  an  idea  of  the  length  of  time  required  for  a  steady  distrilmtion  of 
tem]jeratiue  to  be  reached,  with  the  circulation  going  on,  Ex])eriment  XXI 
was  made  on  the  leg  of  a  dog  ansestlictizc^d  liy  mor])hine  ami  ether. 

Exprrimrnt  XX  J. 

A  thin  thermometer  was  inserted  through  a  slit  in  the  skin  of  the  right  thigh,  pushed  well 
down  in  the  sulicutaneous  tissue,  and  the  skin  then  stitehed  with  fine  thread  so  as  to  fasten  the 
thermometer  in  a  pocket.  Tlie  Jmlb  was  a  little  lower  than  tlie  level  of  the  knee.  The  hair  of 
the  animal  was  short  and  the  right  leg  had  been  |U'eviously  shaved  below  tlie  middle  of  the  thigh, 
so  as  to  make  the  rate  of  cooling  oi  the  skin  as  nearh'  as  jiossible  tlie  same  as  in  the  human  hand. 

At  4.0.~>  p.m.  the  leg  was  immersed  in  a  large  bath  at  22-.3^,  the  bull.)  of  the  thermometer  unuer 
the  6kin  being  well  below  the  level  of  the  water. 


TiMK. 

'rHKIt.\III.\IKTKI! 
CNDKH    .SKIN. 

Hath. 
22  3 

DiFFERENOK. 

4. (Hi 

2(i-4 

41 

4. OS 

2(io 

22-4 

41 

4.  Mil 

2(i-4 

22-4 

411 

4. Ill 

2.->(; 

22-4 

.'i-2 

4.11 

2.->-4 

-._ 

3  0 

4.IL' 

2rc:! 

22-4 

2!t 

4.1:; 

2.-cl 

22") 

2li 

4.14 

24-S 

22-.") 

2-3 

4.1.", 

24-.-, 

22(; 

1-9 

4.17 

24-:i 

22-7 

111 

STUDIES     OA'     THE    CIRCULATION     IN     MAN— I.     r.9 

Hero  in  12  minutes  the  excess  of  the  subcutaneous  temperature  over 
the  batli  temperature  was  reduced  to  1-fi*-^.  The  rectal  t(Mnpcrature  at 
4.20  p.m.  was  34()'-'.  The  animal  luid  been  auaisthetized  for  more  than  an 
hour  and  used  for  a  })revious  experiment.  It  was  verified  that  no  water 
had  got  into  the  pocket.  Tiie  temperature  between  the  toes  of  the  riglit 
foot  three  minutes  after  removal  from  the  batli  was  22-5^. 


Xow  inserted  tlie  theriiioineti'i-  liullj  luicler  the  skin  aliove  the  ankle  joint  of  tlie  left  liind  foot, 
the  hiilh  being  pasised  in  tlirougli  a  slit  well  up  on  the  lejj  and  then  pushed  limvn.  Closed  the 
slit  by  stitr-hes  and  bull-dog  flainps  o\'ei'  the  therniorneter  stem. 

4.;!(l   p.m..      Immersed    tlie  left    foot    in   bath. 


Thermometf.k 

TrJiE. 

CNDKR  SKTN. 

Hath. 

niFFERFNCK. 

4.:M 

27-C. 

22-8 

4-8 

4.33 

27-2 

22  8 

4-4 

4.34 

2.-I-7 

22-7 

3  11 

4-30 

2.") -4 

— 

2-7 

4.37 

2ri.l 

22-7 

2-4 

4.38 

24-.-) 

22-7 

1-8 

4.39 

24-4 

— 

1-7 

4.40 

24-.-> 

— 

" 

Here  in  nine  minutes  tlie  excess  of  tlie  subcutaneous  temperature  was 
reduced  to  l"'"'. 


(5).      The  length  of  time  vecesmrif  for  tlie  liiu)i<j  liiiml  to  a'^suine  a  steady 
(li-ftrihiitinn  of  ton jieratiire. 

Tliis  can  be  estimated  liy  using  various  j^eriods  of  immersion  for  the 
hands  of  the  same  individual,  all  of  the  other  conditions  Ijeing  as  far  as  ]Jossible 
unchanged,  and  then  determining  the  blood  flow  from  the  formula.  Or. 
still  better,  the  two  hands  can  be  immersed  in  the  same  hath  for  different 
lengths  of  time  and  the  calculated  blood  flow  compared.  From  observations 
of  this  kind  it  was  conchided  that  ten  minutes  is,  in  general,  a  sufficient 
period  of  immersion  in  tlie  |ireliminarv  bath.  In  addition,  tlie  readings  for 
a  little  time  after  the  insertion  of  the  hands  into  the  calorimeters  arc  neglected 
while  the  "  settling  down  "  process,  i.e.,  the  adjustment  of  the  inevitable 
slight  differences  of  tenijierature  between  hand  and  calorimeter  is  being 
completed.  At  least  12  minutes  elajise  from  the  beginning  of  immersion 
in  the  bath  before  calorimeter  readings  are  taken  which  are  used  in  the 
calculation,  and  often  a  longer  interval.  The  main  reason  for  not  jirolonging 
the  prejiaratory  bath  is  to  save  as  much  time  as  jiossible.  For  the  same 
purpose  the  mouth  temperature  and,  as  a  matter  of  routine,  the  ]iulse  rate 
(in  the  neck)  are  generally  taken  wliile  the  hands  are  in  the  bath. 

That  an  immersion  jieriod  of  ten  minutes  is  sufficiently  long  was  shown 
b\'  immersing  one  hand  in  tlie  bath  and  then,  after  an  interval  which  varied 
in  different  experiments,  immersing  the  other  hand.     The  two  hands  were 
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then  simultaneously  inserted  into  the  calorimeters.  After  the  observations 
were  coni])leted,  a  new  experiment  was  performed  in  which  the  hand  sub- 
jected to  tiie  shorter  period  of  immersion  in  the  fii'st  experiment  was  now 
subjected  to  the  longer,  and  vice  versa.  Experiment  XXII.  summarised  in 
Table  I  under  M.  C,  4  and  5,  is  an  example. 


2.04  p 
2.0!l 
2. 11 
2.  1 4 


E.rpciiinent  XX IJ. 
First  pnrt  of  f.rperiment. 

m..     Left  hand   put   in  hath  at  23-7''. 
Rislit   lirtiid  put   in   hatli  at   23-7°. 
'IVniperatiiro  nf  liatli  i.s  23-S"". 
Haiuis  put   into  caliiriniPters.     Sul)jpft  fltandins. 


Calorimeter 

CONTAIN  IN'i; 

Calorimeter 

lONTAINING 

TiMK. 

Time. 

liifjHT  Hand 

Left   Hand 

RioHT  Hand 

Left  Hand 

2.13 

23-35 

23-20 

2.20 

24-1.^) 

24-04 

2.)-. 

23-40 

23-34 

2.21 

24-3.-I 

24-10 

2. 1  r, 

23 -.^■.'i 

23-4.-. 

o  oo 

24-.^o 

24-29 

2.17 

23-70 

23-li4 

2.23 

24 -ti.-, 

24-42 

2.  IS 

23 -S.-. 

23-70 

2.24 

24-S."i 

24.53 

2- HI 

24-110 

23-!t4 

2. 2  ■. 

2.") -00 

24 -til 

Heotal  tenij^eraturp  37-0°.  The  quantity  of  water  in  eaeli  ealorinieter  was  2,S00  p.p..  Volume 
of  rifrht  lianil  in  palorimeter,  43")  p.p..  Volume  of  left  liand,  420  p.p..  The  palorimeters  were 
smaller  tlian  tlio.-^e  sul)spquentl\-  used,  and  a  smaller  proportion  of  the  liaml  could  l>e  inserted. 
Takins  the  water  equivalent  of  hand  and  calorimeter  as  400,  and  allowing;  0-12°  for  the  pooling 
of  the  palorimeters.  as  can  he  reckoned  from  a  ])revious  experiment,  we  get  for  the  left  hand 

-— ; — —j^,  y  —  =  30-r>  <Tramnies  l>loo<l  per  minute  or  0-4  prammes  per  100  p.p.  of  hand  per  minute, 
and  for  the  riglit  hand  ,,  '  '    ,  ,  .,  ^'    ,,-  =  40-1  pranunes  jier  minute,  or  1 1-3  grammes  per  100  c.c. 


10 
1(1   -    12-3  "    0 
per  minute,  taking  3ll-.'i''  as  tlie  temperature  of  the  arterial  blood. 


2.3ti  p.m.. 
2.4li 

2.r.i 


Seconil  part  of  experiment 

Room   temiierature.   20-"i°.     Pulse,    106. 

Right   hand   lait   in  hath  at   23-4.''>''. 

Left   liand   put  in  hath  at   23-4.'i°. 

Temperature  of  liatli  is  23-(J.'>'^. 

Temperature  of  liath.  23-78°. 

Hands   |iut    in   calorimetprs.      2.S00  p.p.   in  each. 


Calorimeter 

CONTAINING 

Calorimeter 

1  dntainino 

Time. 

Time. 

Right  Hand 

Left  Hand 

Right  Hand 

Left  Hand 

■l.-M 

23-40* 

23-44* 

3.02 

24-15 

24-23 

2..">7 

23-45 

23-52 

3.03 

24-30 

24-33 

2.r>,s 

23-55 

23-114 

3.04 

24-4.-. 

24-44 

2..">0 

23-70 

23-70 

3.0.-, 

24-00 

24-50 

3.00 

23-S5 

23-.S.-I 

3.00 

24-70 

24-00 

3.01 

24-00 

24-0.") 

3.(17 

24-7.-. 

24-70 

J'rom  which  we  pet  for  the  left  hand 


*  .fust    ftefore  tlie   hands   wcrt-   inserted. 
4352  10 


30-0  grammes  hlood  )ier  minute  —  9-3 


10  X   12-4  '      0 

4544  10 

grammes  per  100  c.c.  per  minute  :    and  for  the  right  hand  ,      >    -,     =  40-i  grammes  \)ev 

minute  —  9-4  grammes  per  100  c.c.  per  minute. 
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In  the  first  part  of  the  exj^erimcnt,  where  one  hand  was  immersed  in  the 
preliminary  bath  for  only  five  minutes  and  the  other  for  ten  minutes,  there 
is  a  greater  difference  between  the  flow  in  the  two  hands  in  this  individual 
than  is  normally  the  case  when  both  hands  are  immersed  for  ten  minutes. 
Considerable  weight  can  be  placed  upon  a  difference  of  this  amount  because 
the  person  examined  has  been  used  very  frequently  in  the  investigation, 
and  with  very  constant  results.  In  the  second  jjart  of  the  experiment  the 
agreement  between  the  hands  is  much  closer,  probably  because  in  the  short 
interval  between  the  exjieriments  the  effects  of  the  previous  immersion 
had  not  entirely  \\orn  off.  A  five  minutes  immersion  in  the  prejjaratory 
bath  was  therefore  sufficient  to  produce  the  steady  condition  and  to  give 
practically  the  same  flow  in  the  left  hand  as  the  ten  minutes  immersion 
in  the  first. 

The  great  imiiortance  of  having  the  temperature  conditions  the  same 
in  observations  which  are  to  be  compared  \\  ith  each  other  is  well  illustrated 
by  Experiments  XXIII  and  XXIV. 


E.rpenmnit  XXIII. 

H.  O.  F.  Age  34.  Height  5  ft.  ."i  in..  WeigM  124  \b<<..  Healthy  male.  Pulse  fifi  (.sitting). 
Rectal  temperature  37-1  .  Hands  cold  after  a  four  mile  drive  in  an  automobile  on  a  pold  morning, 
and  had  not  wanned  up  appreciably  during  tlie  fifteen  or  twenty  minutes  he  had  been  in  the 
laboratory  before  the  ol}sei'\ations  were  begun.  He  stated  that  his  hands  were  somewhat 
susceptil)lo  to  cold.  The  veins  were  seen  to  be  small  botli  before  immersion  in  the  bath  and  after 
removal  from  tlio  calorimeter.      Ho  still  felt  his  haniU  cold  at  tlie  end  of  the  exiierinient. 

0.50  a.m..      Hands  jnit  in  bath  at  30-0".      3,050  p.c.  water  put  in  each  calorimeter 
10.04  ]>ut  linnds  in  calorimeters,  as  usual  riglil   in  K.  left  in  L.     (Subject  sitting). 


Time. 

R 

L 

Time. 

R 

L 

10.03 

29-34 

29-51 

10-27 

29-40 

29-38 

10.05 

29-2S 

29-43 

10.30 

29-42 

29-38 

10.07 

2!)-2(l 

29-40 

10.33 

29-40 

29-39 

10.00 

20-24 

29-37 

10.35 

29-4.«; 

29-39 

10.11 

29-23 

29-30 

10.37 

29-50 

29-39 

10.14 

29-27 

29-33 

I0.3S 

29-50 

29-39 

10.  If. 

29-28 

29-30 

Hands  r 

enioved  fror 

1  calorim. 

lo.in 

29-31 

29-30 

10.44 

29-44 

29-30 

10.21 

29-33 

29-32 

]0.50 

29-30 

29-22 

10.23 

29-30 

29-34 

10. 5S 

29-24 

29-10 

1(1.2.-. 

29-3S 

29-37 

11.0.'^ 

2'.I1I 

28-98 

l;iL'lit  liall.l 

,-rls:i  littl.'i-,,, 

l.'i'lhiin  Icfl. 

Room    19-4  .    Volume  of  left  hand  in  calorimeter.  340 


\'olnme  of  rinlit  hand.  300  cc. 


For  the  last  27  minutes  of  the  experiment  the  flow  for  the  right  hand 
is  12-06  grammes  per  minute,  i.e..  3-35  grammes  per  100  cc.  of  hand  per 
minute  ;  and  for  the  left  hand  for  the  last  17  minutes  9-i;>  grammes  per 
minute  or  2-60  grammes  per  100  cc.  of  hand  per  minute,  taking  the  arterial 
temperature  as  36-6°. 
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Expcrimrvt  XXI  V. 

The  subjpct  liaving  now  warmed  up,  at 

12.42  p.m.  the  hands  were  again  immersed  in  tlie  liatli  at  .30'2°.  His  hands  are  now  nonnally 
warm,  he  .says.  On  jiutting  tliem  into  the  batli  lie  feels  it  eool,  whereas  in  the 
morninc  he  felt  it  warm.     Ji.OSO  e.e.  p\it  in  each  calorimeter.     Room  240'. 

12.50  p.m..       Hands  put  into  ralorimcters. *     (Snlijcct  sitting). 


Time. 

R 

L 

TiJIE. 

R 

L 

i2.nsi 

20-00 

20-00 

1.13 

30.22 

30-20 

12..'").S 

20-00 

20-70 

1.14 

30-20 

30-21 

1.00 

20-70 

20-78 

Hands  remo\rd from 

-als. 

1.03 

20-83 

20-88 

1.20 

3(1-22 

30-14 

Room   22-7" 

l.O.'i 

20-03 

20-00 

1.2.-. 

3(1- 14 

30-00 

1.07 

30-04 

30-04 

l.L'S 

30-11 

300.-. 

1.1  111 

30-13 

30-10 

1.34 

30-0."i 

30.00 

1.11 

30- IS 

30-10 

Rectal  tomiierature,  37-3".      Pulse  (sitting)  70. 

From  these  data  the  flow  per  minute  for  sixteen  minutes  comes  out 
28-68  grammes  per  minute,  or  7-07  grammes  per  100  c.c.  per  minute  for  the 
right  hand  ;  and  23-4fl  grammes  per  minute,  or  G-Ol  grammes  per  100  c.c. 
per  minute  for  the  left  hand,  taking  the  arterial  temiJerature  as  30-8"^. 

4.     Specific  heat  of  the  blood. 

For  the  si:)ecific  heat  of  the  blood  the  value  0-9  was  used  in  all  the 
calculations.  H.  Bordier,i  gives  as  the  results  of  a  large  number  of  ob- 
servations the  following  values  :  arterial  blood  0-901  ;  defil^irinated  blood 
0-920 ;  serum  0-932.  Comi^arative  experiments  on  arterial  and  venous 
blood  gave  for  arterial  blood  0-90G,  and  for  venous  blood  0-893.  The  larger 
the  proportion  of  erythrocytes  and  the  smaller  the  proportion  of  plasma, 
the  smaller  is  the  specific  heat.  In  cases  Mhere  the  blood  varies  extremely 
from  the  normal  in  this  respect,  as  in  severe  anaemia  or  marked  polycythcemia, 
it  might  be  worth  while  to  make  a  correction  in  accordance  with  the  blood 
count. 

5.     Measurement  of  the  volume  of  the  hand. 


This  was  done  by  displacement,  and  with  apparatus  of  the  simplest 
kind  and  such  as  is  easily  procurable  in  clinical  work.  The  hand  was  im- 
mersed to  exactly  the  loMcr  mark  in  a  glass  douche-can  connected  by  a  short 
rubber  tube  with  a  burette  furnished  with  a  side  tube  at  its  lower  end.  The 
hand  was  held  hanging  vertically  down  as  in  the  calorimeter.  Before 
immersion  of  the  hand  the  douche-can  was  filled  with  water  to  a  mark  so 
that  the  initial  level  was  the  same  in  difterent  experiments.  This  is  ad- 
visable as  the  can  may  not  be  of  quite  uniform  cross  section.     The  lowest 


*  In  all  experiments,  unless  otherwise  mentioned,  the  right  hand  was  in  calorimeter  R  and 
the  left  in  calorimeter  L. 
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graduation  of  the  burette  was  also  brought  level  with  the  water  before  the 
hand  was  immersed.  On  immersion  the  level  of  the  water  in  the  burette 
was  read  off.  All  that  was  necessary  to  get  the  volume  of  the  hand  was  to 
pour  water  into  the  can  from  a  graduated  measure  after  withdrawal  of  the 
hand,  until  the  same  level  was  reached.  The  amount  poured  in  obviously 
gives  the  volume  of  the  hand.  A  few  measurements  of  this  kind,  made 
once  for  all.  permit  the  burette  readings  to  be  directly  translated  into  hand 
volumes  without  repeating  the  measurements  each  time.  The  burette  is 
simply  used  as  a  good  scale,  easily  procurable.  Adjustment  of  the  burette 
can  be  quite  exactly  made  by  running  a  little  water  out  of  it  or  adding  a  little 
to  the  can  while  the  scale  is  read  by  a  lens.  When  the  two  hands  are  suc- 
cessivety  measured,  the  small  amount  of  water  withdrawn  by  the  first  is 
automatically  restored  by  the  second  since  it  is  put  in  wet. 

Results. 

So  far  about  thirty  experiments  have  been  made  on  six  normal  persons 
and  about  45  experiments  on  38  chnical  cases.  The  latter  included  Ray- 
naud's disease  (two  cases),  birth  palsy  (one  case),  infantile  paralysis  (one 
case),  hemiplegia  (one  case),  r4raves'  disease  (one  case),  progressive  mus- 
cular atroi^hy  (one  case),  unilateral  peripheral  neuritis  (five  cases),  emphysema 
associated  with  cyanosis  (one  case  six  times  examined),  gastric  dilatation 
with  ana?mia  (one  case),  pleurisy  with  effusion  (tubercular)  (one  case), 
nervous  dyspepsia  (one  case),  aortic  incompetence  and  stenosis  (one  case), 
mitral  insufficiency  (two  cases),  thoracic  aneurism  (three  cases),  senile  heart 
with  arrhythinia  and  arterio-sclerosis  (one  case),  tabes  (one  case),  myocarditis 
(two  cases),  pulmonary  tuberculosis  (two  cases),  goitre  with  jrialpitation  (not 
Graves'  disease)  (one  case),  oedema  of  hand  (following  division  of  radial 
nerve  ?)  (one  case),  inflammation  of  hand  due  to  infected  finger  (one  case). 

In  many  of  these  cases  and  in  some  of  the  normal  subjects,  in  addition 
to  simple  measurements  of  the  blood  flow  the  changes  produced  in  it  by 
vaso-motor  reactions,  especially  those  elicited  in  one  hand  by  changes  of 
temperature  in  the  other,  were  studied.  The  method  seems  to  lend  itself 
particularly  well  to  a  quantitative  study  of  such  vaso-motor  reflexes  in  man.  A 
much  larger  mass  of  material  is  being  collected  and  will  be  dealt  with  in 
detail  in  a  future  paper  or  papers.  In  the  meantime  a  summary  of  the 
results  is  presented  in  Tables  I  and  II. 

The  changes  in  the  blood  flow  in  the  hand  produced  through  vaso-motor 
reflexes  will  be  dealt  with  in  somewhat  greater  detail  than  the  others,  in 
the  short  paper  immediately  following  this.  In  addition,  the  influence  on  the 
flow  of  forced  breathing,  which  diminishes  it,  and  of  the  inhalation  of  oxygen, 
which  in  a  case  of  emphysema  with  cyanosis  was  found  to  increase  it,  although 
it  had  no  effect  on  a  normal  person,  and  of  contraction  of  the  hand  muscles, 
which  markedly  increases  it,  has  been  to  some  extent  investigated. 

In  the  normal  cases  when  measured  imder  the  standard  conditions,  viz., 
bath  and  calorimeter  temperatures  not  far  removed  from  30",  ordinary  room 
temperature,   no  unusual  exjDosure  to  cold  before  the  experiment,  and  a 
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moderate  period  of  immersion  in  the  calorimeter  (10  to  15  minutes),  did  not 
exceed  14  grammes  per  100  c.c.  of  hand  jier  minute,  nor  fall  befow  3-5  grammes 
For  the  whole  posterior  extremity,  in  dogs,  Landergren  and  Tigerstedt'' 
and  Tschuewskyi"  give  5  c.c.  per  100  grammes  of  tissue  per  minute  for 
the  flow  as  measured  hy  the  "  Stromuhr." 

The  higher  the  room  temperature  the  greater  in  general  is  the  flow. 
When  this  factor  is  taken  into  account  the  results  in  one  and  the  same  in- 
dividual on  different  days  with  similar  calorimeter  temperatures  do  not 
differ  greatly,  although  different  individuals  when  tested  under  apparently 
similar  conditions  show  a  much  greater  range  in  the  blood  flow-.  Some 
normal  persons  know  and  say  that  their  hands  are  habitually  cool  or  cold, 
others  that  their  hands  are  habitually  warm.  The  former  will  show  a 
relatively  small,  and  the  latter  a  relatively  large  flow.  Thus  M.  C.  and 
('.  B.  work  as  laboratory  assistants  in  the  same  laboratory,  and  E.  W.  as 
laboratory  assistant  in  an  adjoining  laboratory.  They  are  all,  so  far  as  is 
known,  in  good  health,  all  young  men  and  doing  not  very  dissimilar  work. 
Yet  in  winter  at  least  M.  C.  habitually  has  a  flow  two  to  three  times  as  great 
as  was  observed  in  the  other  two.  It  is  true  that  only  on  one  day  were 
observations  made  on  C'.  B.  and  E.  W..  But  among  the  numerous  measure- 
ments on  M.  C.  under  normal  conditions  none  falls  anything  like  so  low  as 
those  of  the  other  two. 

In  the  pathological  group  the  extremely  small  flows  in  Mrs.  A.  (averaging 
the  two  hands,  a  little  over  00  gramme  per  100  c.c.  per  minute)  and  S.  F. 
(only  0-2  gramme  per  100  c.c.  per  minute)  accord  well  with  the  actual  con- 
ditions. Mrs.  A.,  aged  72,  showed  the  typical  skinny  hand  of  old  age.  with 
feeble  pulse,  marked  cardiac  arrhythmia  and  arterio-sclerosis.  Oliviously 
tiie  hands  were  receiving  but  little  blood.  It  must  be  noted  also  tJiat  the 
proportion  of  inactive  and  therefore  comparatively  bloodless  tissue  (bone, 
etc.)  in  a  hand  of  this  sort  would  doubtless  be  greater  than  in  the  hand  of  a 
young  person.  S.  F.  was  sufl'ering  from  myocarditis,  with  very  pronounced 
cardiac  arrhythmia.*  He  said  his  hands  and  feet  were  always  cold.  His 
pulse  \^'as  feeble,  and  the  rate  had  to  be  counted  with  the  stethoscope  on 
account  of  the  arrhythmia.  It  was  only  fiO.  A  large  or  even  a  normal  flow 
could  not  exist  under  these  circumstances. 

The  influence  of  tlie  inhalation  of  oxygen  on  the  flow  was  investigated 
in  the  case  of  S.  G.,  since  the  mechanism  of  the  recurring  cyanosis  in  this 
patient,  unaccompanied  by  dyspnoea,  was  in  doulit.  The  opportunity  was 
afforded  dining  some  experiments  of  my  colleagues  Drs.  Hoover  and  Macleod 
on  the  partial  pressure  of  carbon  dioxide  and  oxgyen  in  the  alveolar  air  of  this 
patient.  A  distinct  increase  in  the  flow  was  produced  by  oxygen,  and  this 
was  accompanied  by  an  increase  in  the  amplitude  and  a  diminution  in  the 
tension  of  the  radial  pulse,  ap]ireciable  by  the  finger.  A  change  was  also 
observed  in  thesphygmogram.  the  amplitude  of  which  was  increased.    (S.  O., 

*Ho  was  admitted  to  the  hospital  on  the  day  of  tlie  observations  and  died  there  in  a  few  days. 
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Experiments  4,  5,  6,  Table  II).  The  effect  could  not  be  due  to  any  change  in 
mechanics  of  the  resi^iration  produced  by  the  mask  employed.  For  (a)  the 
total  ventilation  remained  unchanged  ;  (b)  a  moderate  degree  of  forced 
respiration  diminished  the  flow  in  two  normal  persons  (JI.  C,  15,  and  C.  B., 
2,  Table  I).  Oxygen  produced  no  effect  in  two  normal  persons  (M.  C,  20, 
and  E.  W.,  3,  Table  I).  It  is  perhaps  worth  considering  whether  in  other 
cyanotic  conditions,  as  when  administered  in  pneumonia  for  example,  the 
action  of  oxygen  is  not  in  part  an  action  on  the  vaso-motor  mechanism  whicJi 
diminishes  the  resistance  in  the  small  vessels  and  so  aids  the  blood  flow. 

That  an  increase  in  the  flow  is  caused  by  muscular  contractions  of  the 
hand  is,  of  course,  known.  Yet  it  is  interesting  to  have  a  quantitative 
expression  of  this  increase.  The  experiment  cited  in  Table  I  as  M.  C.  3, 
gave  15-4  grammes  as  the  flow  in  the  contracting  hand  per  100  c.c.  per  minute 
and  only  4-U  grammes  in  the  resting  hand.  A  comparison  of  this  with  the 
other  experiments  on  the  same  person  shows  that  4-1)  grammes  is  much  smaller 
than  any  flow  recorded  with  the  two  hands  under  similar  conditions.  The 
increase  in  flow  in  the  contracting  hand  is  therefore  accompanied  by  a 
reciprocal  diminution  in  the  flow  in  the  resting  hand. 

The  diminution  in  the  flow  caused  by  a  moderate  degree  of  jiressure 
applied  to  the  wrist  by  a  rubber  band  was  measured  in  the  exijcriment 
referred  to  in  Table  I  as  S.  8.  The  flow  which  had  been  13-2  grammes  and 
13-1  grammes  respectively  in  two  exjjeriments  immediately  j^receding  the 
constriction  (the  numbers  are  high  partly  because  this  individual  has  a 
habitually  good  flow  in  the  hands  partly  because  of  the  high  room  temper- 
ature) was  diminished  to  4-2  grammes  per  100  c.c.  per  minute  for  the  first 
four  minutes  after  constriction.  For  the  next  six  minutes  the  flow  rose  to 
11'3  grammes  per  100  c.c.  per  minute,  owing  of  course  to  the  gradual  rise 
of  the  venous  pressure  distal  to  the  band,  w  hich  enabled  the  obstruction  to  be 
more  and  more  successfully  overcome. 

The  influence  of  direct  heating  of  tlie  hand  w  hose  flow  is  being  measured 
{i.e.,  of  a  high  bath  and  calorimeter  temjjerature)  is  show  n  in  the  experiments 
cited  i:i  Table  I  as  S.  1,2  and  3.  These  give  without  exception  the  greatest 
blood  flows  observed,  a  fact  easily  explained  by  the  marked  vaso-dilator 
action  of  the  high  temperature. 
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II.— THE    EFFECT    OF    REFLEX    VASO-MOTOR    EXCITATION  ON 
THE    BLOOD    FLOW    IN    THE    HAND. 

By  G.  N.  STEWART. 

(From  the  II.  K.  dishing  Laboratory  oj  Experimental  Meiliclnc,  Western 
Reserve    Universitij,  Cleveland). 


The  changes  produced  in  the  circulation  of  one  hand  by  eliciting  vaso- 
motor reflexes  from  the  other  or  from  other  parts  of  the  body  can  be  quantita- 
tively studied  with  great  ease  by  the  calorimetric  method.  The  following 
experiment  (XXV)  on  a  normal  person  illustrates  the  magnitude  of  the  change 
which  occurs  in  the  blood  flow  in  one  hand  when  the  other  is  exposed  to 
cold  or  heat. 

Experiment  XX  V . 

iloriiiiettT  U. 


L'.4ti  p.m. 
2.57i 


Kight  liiind  (of  JI.  f. )  i>iit  into  bath  at  l>!)-7".     3.U00  c.c.  of  water  in  ( 
Right  hand  put  into  calorimeter.     Room  lS-8°. 


Time. 

R 

Notes. 

Tl.ME. 

R 

Notes. 

2.r,l 

2S-S4 

3.2U 

30-70 

2..';'.) 

2S-89 

3.30 

30-77 

3.(10 

28 -OS 

3.31 

30-82 

3.(11 

2!l-07 

3.32 

30-8S 

3.(1:; 

2'J-IK 

3.33 

30-94 

At     3.33    left    hand    re 

■i.m 

2'J-2',) 

Room    19 1. 

moved  from  the  warm 

3.04 

20-3<,) 

water  and  dried. 

3.O.") 

29-49 

At    3-05    immcrseil    left 

3.34 

31-01 

Room  20-15°. 

3.(>(i 

20-54 

hand  in  water  at  7-4°. 

3.35 

3 1  -OS 

3.(17 

29-58 

Room    19-r. 

3.3(i 

31-15 

3.  OS 

29-(i2 

3.37 

31-19 

At  3.37  left  hand  put  m 

3.011 

29-li(i 

3.3S 

31-22 

water  at  10°. 

3.1(1 

20-70 

3.39 

31-25 

3  11 

29-74 

At   3.11   took   left   hand 

3.40 

31-27 

out     of     cold     water. 

3.41 

31-29 

dried  and  warmed  it. 

3.43 

31-32 

\t  3.43  left  hand  trans 

The  subject  was  dir- 

3.44 

31-33 

fered  to  water  at  42-5° 

■.\.\i\ 

29-S(l 

ected  to  jnit  it  in  his 

3.45 

31-37 

3.13i 

29-,S9 

pocket.    Temperature 

3.40 

31-39 

3.14" 

20-95 

of  cold  water  is  now- 

3.47 

31-42 

3.  Ki' 

30-Oli 

9-7°. 

3.4S 

31-4(1 

Room   20-0'. 

3.17 

30-13 

Ho  says  left  hand  now 

3.49 

31-49 

feels  as  warm  as  before 

3.50 

31-53 

immersion  in  cold  w  at  ei 

3.51 

3 1  -5S 

3. 1  'J 

30-27 

Fingers  of  left  hand,  now- 

3.52 

31-00 

.\t     3.52    removed    left 

through  inaiU  crtence. 

3.53 

31-02 

liand  from  the  warm 

3.21 

:;o-3.". 

(lippctl  into  warm  wa- 

3.54 

31-07 

water  and  dried  it. 

3.22 

30-3S 

ter    and    then    with- 

3.55 

31-70 

3.23 

30-41 

tlrawn. 

3.511 

31-72 

3.2.^) 

30-50 

At    3.25    immersed    left 

3.57 

31-73 

Room     20-5  .      At     3.57 

3.2(1 

30-53 

hand  in  water  at  43-0^ 

removed    hantl    from 

3.27 

30-57 

calorimeter. 

3.2S 

30-03 

Room    19-5". 

4.11 

31-51 

Room    19-7  . 

Volume  of  right  hand,  485  c.c. 
Moiith  temperature,  36-55°. 


Rectal  temperature,  30-9° 
Pulso  (sitting)  80. 
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From  these  data  the  calculated  blood  How  in  the  right  hand  (for  the 
first  six  minutes  of  the  exjjeriment)  is  12- (57  grammes  per  100  c.c.  of  hand 
jier  minute.  This  is  at  once  reduced  to  6- 04  grammes  per  100  c.c.  of  hand  per 
minute  (for  the  next  six  minutes)  during  the  immersion  of  the  other  hand 
in  cold  water.  Inspection  of  the  minute  readings  shows  that  the  change 
in  the  flow  foUow  s  at  once  on  exposure  of  the  opposite  hand  to  the  cold  water 
and  is  permanent  for  the  duration  of  the  observation  (six  minutes).  It  is  of 
interest  to  note  this  behaviour  of  this  contralateral  vaso-motor  reflex  because 
in  some  pathological  cases  studied  the  reflex  though  prompt  in  onset  was 
much  more  transient  ;  in  others  it  was  slow  in  appearing  ;  and  in  others 
still  it  could  be  only  feebly  elicited,  or  not  at  all. 

After  removal  of  the  left  hand  from  the  cold  water  the  flow  in  the 
right  hand  increases  to  10-2  grammes  per  100  c.c.  per  minute  (for  the  first 
eight  minutes).     The  minute  readings  of  the  protocol  show  that  the  increase 
is  not  ap2:)arent  for  the  first  one  and  a  half  minutes  but  is  evident  in  two  and  a 
half  minutes.     The  left  hand  was  dried  with  a  cloth  to  prevent  continued 
cooling  by  evajjoration,   and   thus  to  check,  as  far  as  possible,   the  reflex 
excitation.     It  is  obvious  that  this  could  not  be  done  at  once,  and  it  was  six 
minutes  before  the  hand   felt  to  the  subject  himself  as  warm  as  before.     The 
readings  between  319  p.m.  and  ;{.25  p.m.  show  an  abruj^t  slackening  in  the 
rate  of  increase  of  the  calorimeter  temperature.     For  the  six  minute  period 
the  flow  comes  out  at  only  7-05  grammes  per  100  c.c.  per  minute.     The  reason 
is  instructive.     A  vessel  of  warm  water,  for  use  in  the  next  jjart  of  the 
experiment,  had  been  prepared  and,  being  within  reach  of  the  subject,  he 
carelessly  dijjped  the  fingers  of  the  left  hand  into  it  once  or  twice  and  then 
withdrew  them,  holding  them  still  wet  in  the  air.     There  can  hardly  be  any 
question  that  the  sudden  diminution  in  tiie  flow  in  the  right  Iiand  was  caused 
by  reflex  vaso-constriction  elicited  from  the  wet  and  therefore  cooling  left 
hand.     Had  this  circumstance  not  been  observed,  the  sudden  change  in  the 
rate  of  flow   would  have  been  puzzling.     Immersion  of  the  left  hand  in  the 
warm  water  (at  43'^)  causes  an  increase  in  the  flow  in  the  right  which  is 
not  obvious  in  the  thermometric  readings  till  two  minutes  have  elap.sed. 
It  must   be   remembered,   of  course,   that  any  change   in   the   temperature 
suflficient  to  be  read  must  lag  somewhat  behind  the  corresponding  change  in 
the  blood  flow.     The  amount  of  lag  under  the  conditions  of  these  experiments 
has  not  yet  been  determined,  although  this  could  easily  be  done  by  altering 
the  flow  suddenly  by  mechanical  means,  but  it  cannot  be  great.     For  the 
six  minutes  from  3.27  p.m.  to  3.33  p.m.  the  flow  is  10-80  grammes  per  100  c.c. 
per  minute,  and  for  four  minutes  after  the  left  hand  had  been   removed 
from  the  warm  water  and  dried,  it  is  11-55  grammes  jjcr  100  c.c.  per  minute. 
A  second  immersion  of  the  left  hand  in  cold  water  brought  down  the  flow 
in  the  right  to  5-07  grammes  per  100  c.c.  per  minute  (over  a  period  of  six 
minutes),  the  change  occurring  at  once. 

The  next  experiment  (XXVI)  shows  that  the  reflex  vaso-constriction  can 
also  be  obtained  quite  distinctly  when  the  hand  whose  blood  flow  is  being 
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measured  is  itself  immersed  in  fairly  cold  water  and  the  contralateral  hand 
is  transferred  from  this  cold  water  to  still  colder  water. 


Experiment  xxvi. 

3.00  p.m..     Hamls  (M.C  .)  put  in  Ijatli  at  22-0".      3,U1.J  i-.c.  of  water  in  eai'li  (.-alorimetpr. 
3.21  Hands  pnt  into  calorimeters,  right  into  R,  left  into  L. 


TiMK. 

R 

L 

XlJTES. 

Time. 

R 

L 

Notes. 

3.20 

21  03 

21-04 

3.2H 

22-^5 

22-70 

Room  21-0'. 

3.22 

22-04 

22-07 

3.3(1 

23-14 

23-00 

3.23 

22- 14 

22-ls 

It.ii.m   22-0  . 

3.32 

23-37 

23-30 

3.24 

0->.->t^ 

22-20 

3.33 

23-40 

23-42 

.\t  3.33  i>ut  left 

3.2.-i 

22-45 

22-43 

hantl  into  cold 

3.2(i 

22-50 

22-50 

water  (at  0-7") 

3.27 

22-72 

22-(iS 

Time. 

A 

\oTES. 

Time. 

A 

.Votes. 

3.34 

23-50 

3.57 

25-31 

At   3.57  dried  left  hand 

3.3.5 

23 -(i". 

Room   22-0  . 

and  wrapped   it  in  a 

3.3(i 

23-70 

towel. 

3.37 

23-77 

3.5,s 

25-42 

Room   23-0'. 

3.3.S 

23-S3 

3.50 

25-57 

3.40 

23-00 

4.00 

25-71 

3.42 

2410 

4.M] 

25-S5 

Room    23-1  . 

3.43 

24-10 

At  3.43  tran>r.-n-i-(l   Ic-tl 

4.02 

20-01 

At   4.02  ronio\ed    towel 

3.44 

24-24 

hand   to  warm   water 

4.03 

20-11 

from  left  hand. 

3.4.-. 

24-30 

(at   45°). 

4.05 

20-20 

At  4.05  init  loft  hand  in- 

3.40 

24-37 

Tlie  waiin  water  is  nov\ 

to  cold  water  (at  0°). 

3.47 

24-43 

at  41-5°. 

4.01, 

20-30 

Room  22-3". 

3.4S 

24-51 

Room   21-4." 

4.07 

20-40 

3.40 

24-01 

4. OS 

20-.-.(l 

3.50 

24-72 

4.O0 

20-53 

3.52 

24-04 

The  warm  water  is  now 

4-10 

20-5S 

at  40-7''. 

4.11 

20-li4 

Withdrew  left  hand  from 

3.53 

25-04 

At    3.53    withdrew    left 

4.12 

20-iis 

the    cold     water    and 

3.55 

25- lis 

hand  from  the  warm 

4.13 

20-70 

dried  it. 

3.56 

25-20 

water  for  a  few  seconds 
while   warm    water   is 

4.14 

20-SO 

At  4.14  took  right  hand 
ont  of  ralorimeter. 

Ijeing  added  to  hrini: 

4.10 

- 

Temperatnre  of  L  23-.57'. 

ni>  the  temperature  to 

4.21 

2li-,Sl 

45°. 

1.31 

2(:-7i; 

Room   22-8'. 

Volnnie  of  right  hand,  400  c.c. . 
ature  30-7°.     Rectal  temperature,  37 


\'olume  of  left  hand,  4' 
-05^ 


0  e.-L-. 


I'ulsc  03.     Jlouth  lemper- 


The  flow  for  the  right  hand  for  the  first  ten  minutes  of  the  exi^eriment  is 
7-77,  and  for  the  left  7--10  grammes  per  lUU  c.c.  per  minute.  For  nine  minutes 
during  immersion  of  the  left  hand  in  cold  water,  the  flow  in  the  right  is 
reduced  to  4-02  grammes  per  100  c.c.  per  minute.  The  minute  readings  show 
that  the  change  has  scarcely  begun  in  the  first  minute.  The  reaction, 
therefore,  appears  to  be  somewhat  less  prompt  than  when  the  httnd  whose 
blood  flow  is  being  measured  is  at  a  higher  temperature  (Experiment  XX\'). 
The  same  is  true  of  the  reaction  to  immersion  of  the  left  hand  in  warm  water. 
For  the  first  five  minutes  of  the  immersion  the  flow  in  the  right  hand  is  only 
slightly  increased  (to  4-7S  grammes  per  100  c.c.  per  minute)  while  for  the 
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second  tivc  minutes  it  is  iueieased  tu  7-3'J  giiimmes.  Tlie  minute  readings 
show  that  the  cliange  is  rather  an  abrupt  one,  beginning  about  the  fourth 
or  fifth  minute  after  the  immersion  of  the  left  hand.  Exposure  of  the  left 
hand  for  a  few  seconds,  while  still  wet,  to  evaporation  in  the  air,  cuts  down 
tlie  flow  in  the  right  hand  to  504  grammes.  When  the  left  hand  is  removed 
from  the  \\arm  water,  dried  and  wrapped  up,  the  flow  in  the  right  hand 
increases  to  11-14  grammes.  The  minute  readings  show  that  the  change 
has  already  begun  before  the  end  of  the  first  minute,  although  it  has  not  yet 
reached  its  maximum.  Even  the  cooling  of  the  left  hand  caused  by  removing 
the  towel,  diminishes  the  flow  in  the  right  to  7-59  grammes.  On  again  im- 
mersing the  left  hand  in  cold  water,  the  flow  in  the  right  is  reduced  to  .'{-SM 
grammes,  the  change,  as  before,  taking  quite  a  minute  to  reveal  itself. 

It  is  instructive  to  compare  these  results  in  the  normal  person  with  the 
results  in  certain  of  the  clinical  cases.  In  a  case  of  progressive  muscular 
atrophy  in  a  woman  4(j  years  of  age,  (Mrs.  X.,  Table  II),  the  contralateral 
vaso-motor  reflex  elicited  by  cold  was  very  prompt  and  persistent.  The 
flow  in  the  left  hand  was  diminished  h\nn  ll'.i  grammes  to  3-70  grammes  per 
100  c.c.  per  minute  during  the  immersion  of  the  right  hand  in  cold  water 
(at  S'-'),  the  diminution  persisting  during  the  eight  minutes  of  immersion. 
In  this  case  the  reaction  to  subsequent  immersion  of  the  contralateral  hand 
in  warm  water  (at  43°)  was  paradoxical,  a  further  small  diminution  occurring 
to  3-37  grammes.  This  result  was  never  obtained  in  any  normal  case  or  in 
any  of  the  otlier  clinical  cases.  The  exi)]anation  is  aft'orded  by  the  statement 
of  the  i^atient  that  the  warm  water  caused  painful  tingling  of  the  immersed 
hand,  an  efl'ect  never  observed  with  the  temperature  used  in  any  other  case. 
The  continued  contralateral  vaso-constriction  was,  therefore,  a  pain  and  not 
a  temperature  effect. 

In  a  case  of  Raynaud's  disease  (Experiment  XX\'1I)  in  a  girl  15  years  old 
(M.  H.,  Table  II),  immersion  of  the  right  hand  in  cold  water  instantly  cut 
down  the  flow  in  the  left  from  (i()7  to  2-\M  grammes  per  lOO  c.c.  per  minute, 
an  exceedingly  strong  reflex  vaso-motor  effect.  This  diminution,  however, 
was  much  more  transient  than  nornud,  and  gave  wa}'  to  an  increase  even 
while  the  right  hand  continued  in  the  cold  water.  This  agrees  very  well  with 
the  idea  that  an  underlying  factor  in  Raynaud's  disease  is  instabihty  of  the 
vaso-motor  adjustment.  Since  this  was  written  a  similar  etfect  has  been 
observed  in  another  case  of  Raynaud's  disease  in  a  women  28  years  old. 

Experiment  XXVII. 

M.  H.,agcd  15.  A  well  developed  girl.  A  little  before  C'liristmas  (ncuriy  three  inontlis  npo), 
she  noticed  on  coming  in  one  evening  that  the  two  distal  phalanges  of  each  finger  (inchichng  tin; 
thnnili)  of  the  two  hands  were  '"  dead,"  [lalc,  cold  and  numb.  The  weather  was  not  particularly 
cold  and  frost-bite  could  be  excluded.  Since  then  she  has  had  frecjnent  attacks,  each  lasting 
an  hour  or  two,  the  fingers  then  returning  to  normal  colour  and  feeling.  On  being  questioned, 
she  says  her  nails  do  not  grow  as  fast  as  before.  In  the  intervals  of  the  attacks  her  iingei's  feel 
cold,  so  that  she  dislikes  jiutting  her  hands  into  cold  water,  although  previousl\'  she  usetl  to  \i\<v.  it. 
She  works  in  a  sowing  estabhshmcut  and  sonietiiues  limls  her  lingers  too  nuinb  to  sew.  Siuco 
the  condition  began  in  the  fingers  she  often  has  itching  in  the  nose  and  the  tip  of  it  gets  cold. 
Toes  normal.     For  some  time,  but  not  before  the  condition  in  the  fingers  was  observed,  she  also 
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has  had  cramp-like  jjains  in  the  right  lower  leg.  The  radial  pidse  is  of  good  size  in  both  wrists. 
Pulse  rate,  112.  She  was  not  suffering  from  an  attack  at  the  time  of  the  experiment,  llouth 
temperature,  37-2.      Height  5  ft.  3  in. 

2.24J   p.m..     Hands  put  into  bath  at  30'2°.      3,()lo  c.f.  water  in  each  calorimeter. 

2.35|  Hands  put  into  calorimeters,  right  into  K,  left  into  L. 


TUIE. 

R 

L 

Notes. 

Time. 
2.42 

R 

29-U8 

L 
29-05 

Notes. 

2.3-1 

29-52 

29-4i; 

2.37 

29-50 

29-44 

2.43 

29-70 

29-(>9 

2.3S 

29-51 

29-49 

2.45 

29-74 

29-73 

Room   23-0' 

2.3S) 

29-53 

29-51 

2.4(i 

29-77 

29-75 

2.40 

29-59 

29-51) 

2.47 

29-79 

29-75 

2.41 

29-(12 

29-(i(l 

Room  23 -ir 

2.4S 

29-79 

— 

Time. 

L 

Notes. 

Tl.ME. 

L 

Notes. 

2.49 

29-S2 

At  2.48  put  right  hand 

3.00 

30-18 

Warm     water    now     at 

2.50 

29-83 

into  cold  water  (10°). 

3.01 

30-21 

40-9°- 

2.51 

29-84 

3.02 

30-25 

2.52 

29-90 

The   cold  water  is  now 

3.03 

30-31 

Koom   23-(J- 

U-5°.      She  says   the 

3.04 

30-35 

hand  feels  colder  than 

3.05 

30-39 

it    woidd    ha\e    done 

3.05 

— 

Dried  right  hand. 

before     the     trouble 

3.0lii 

Wrapped  up  right  hand 

2.53 

29-93 

came  on,  but  it  does 

3.07 

30-4;5 

in  warm  towel. 

2.54 

29-99 

not  look  blue  or  paler 

3.08 

30-44 

2.55 

30-03 

than  an  ordinary  liand. 

3.09 

30-47 

Room   23-5°. 

2.56 

30-05 

Room  23-5"^. 

3.10 

30-52 

2.57 

30-11 

3.11 

30-55 

2.58 

30-14 

.4t  2.58  right  hand  put 

3.12 

30-01 

At   3.12  took  loft  hand 

2.59 

30-14 

into     warm     water 

out  of  calorimeter. 

(43-0°). 

3.13 

— 

Temp,   of  R,   29-52°. 

3.30 

30-40 

Temp,   of  R,  20-30=. 

Volume  of  right  hand,  305  c.c.  ;    of  left  hand,  340  c.c. 

On  withdrawal  of  the  hands  from  the  water  at  the  end  of  the  e.xporiment,  tlie  epidermis 
over  the  two  distal  jihalanges  is  seen  to  liave  a  macerated  appearance  not  observed  in  the  same 
degree  in  any  other  patient  or  normal  person  for  an  intmersion  of  this  duration.  No  other  jiart 
of  the  hands  shows  this  condition  except  the  ball  of  the  right  tluunb.  Slio  says  this  region  does 
not  become  cold  or  numb.  Is  there  here,  however,  an  indication  that  the  region  of  feeble  cir- 
culation is  going  to  s[)read  ? 


In  a  case  of  early  brachial  neuritia  (J.  iS.,  Table  II),  the  same  condition 
is  seen  although  not  so  marked.  Here  the  flow  in  the  atfected  hand  is  dimin- 
ished (for  a  period  of  four  minutes)  from  10-29  to  5- IS  grammes  j^er  100  c.c. 
l^er  minute  by  immersion  of  the  nornuil  hand  in  cold  water.  In  the  next 
five  minutes,  however,  the  sound  hand  being  still  in  the  cold  w  ater,  the  flow 
increases  to  8-lG  grammes  per  100  c.c.  per  minute.  The  flow  is  considerably 
greater  in  the  affected  hand  (10-2'J  grammes)  than  in  the  normal  hand  (7G6 
grammes)  when  both  hands  are  at  the  same  temperature,  probably  owing 
to  jiartial  jjaralysis  of  the  vaso-constrictor  fibres  in  the  atfected  nerve. 

In  0.  A.  H.  (Table  II),  another  case  of  early  brachial  neuritis,  with  a 
history  of  trauma,  the  same  condition  was  observed,  the  flow  in  the  hand 
on  the  affected  side  being  S-7'J  grammes,  and  in  the  other  only  liltS  grammes 
per  100  c.c.  per  minute. 

In  a  case  of  long  standing  brachial  neuritis  (Mrs.  M.  C,  Table  II),  where 
distinct  atrophy  and  disuse  of  the  right  hand  had  occurred,  the  flow  is  smaller 
on  the  affected  side  (3-98  grammes)  than  on  the  sound  side  (5-70  grammes). 
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In  the  case  of  M.  B.  (Table  11),  which  is  jjiobably  a  nuuiitis  limited  to 
certain  lingers  of  the  right  hand,  and  induced  by  some  injury  in  the  course 
of  the  man's  occupation  as  a  carpenter,  the  same  marked  but  transient 
reaction  to  immersion  of  the  contralateral  hand  in  cold  water  is  seen,  the  flow 
falling  from  1:389  grammes  to  7-25  grammes  per  100  c.c.  per  minute  for  a 
three  minute  period  after  immersion,  but  increasing  again  to  11-13  grammes 
per  100  c.c.  per  minute  for  the  remaining  six  minutes  of  the  immersion. 

In  a  case  of  old  standing  hemiplegia,  due  to  cerebral  hamiorrhage,  the 
"stroke"  having  occurred  nine  years  ago  (C,  Table  II),  the  vaso-motor 
reflex  studied  cannot  be  elicited  in  the  paralyzed  hand  by  immersion  of  the 
sound  hand  either  in  warm  or  cold  water.      (Experiment  XXVIII). 


Experiment  XX  Vlll. 

C,  aged  '}'.  Heniipli'^ia.  Had  a  stroke  nine  \  cars  ago 
log.  Left  hand  is  eoldcr  tlian  right  ;  \erv  Uttlo  power  in  it. 
(sitting)  yo.     Height,  .5  ft.  4  in."    Weiglit,  152  lbs. 

12.4.')  p.m..    Put  hands  into  bath  at  SO-T".     3,01o  e.e.  ,...„.....„„... 

12.57  Put  hands  into  ealorinictors,  right  into  R,  left  into  L. 


Left  side  paralysed,  fare. 
Mouth  temperature,  37-07' 

water  in  each  ealorinioter. 


iirni  .'ind 
.     Pulse 


Time. 

R 

L 

Notes. 

Tl.-ilE. 

R 

L 

XOTE.S. 

12.5(j 

30-2t) 

30-11 

1.07 

30-77 

30.33 

12.5S 

30-2.S 

30-10 

l.OS 

30-81 

30-30 

12.5',l 

30-32 

30-12 

1.0!) 

30-87 

30-38 

1.0(1 

30-3S 

30-14 

Room   22-0  . 

1.10 

30-0(J 

30-30 

1,01 

30-43 

30-17 

1.11 

30-07 

30-42 

1.02 

30-40 

30-20 

1.12 

31-00 

30-43 

1.03 

30-5(1 

30-23 

1.13 

31  07 

— 

.\t  1.13  put  nglit 

1.04 

30-02 

30-2G 

h  and     i  n  t  o 

1.(15 

30 -OH 

30-30 

warm  water  at 

1.0() 

30-71 

30-31 

43-2.° 

1.14 
1.15 

3(l-4!i 
3(1-51 

1.2C. 
1.27 

-- 

30-73 
30-74 

l.Ki 

3(J-53 

Room   22-4". 

1.2S 

30-70 

1.17 

30-55 

1.20 

- 

30-70 

LIS 

-_ 

30-58 

The  warm  w  ater 

1.30 

30-80 

.\t  1.30  dried  and 

l.l'.l 

— 

30-00 

is  now  at  41-0" 

wrapped     up 

I.2II 

.30-()l 

1.31 

30 -si 

right  hanti. 

1.21 

30-(i3 

1.32 

30-82 

Collar  seen  to  lie 

1.22 

30-04 

1.33 

30-84 

somowhatwel. 

1.23 

- 

30-07 

\i  1-23  put  right 

1.34 

3(l-S.-i 

30-85 

At  1.34  took  left 

liantl   in   cold 

1.43 

30-74 

30-78 

hand    out    of 

1.24 

- 

30-70 

water  (at  1 1-7  ) 

ealoriineter. 

1.25 

30-71 

Room   23-1°. 

\'iihiiiio  of  right  hand,  422  e.e..  X'olume  of  left  liand,  370  e.e.. 

For  summary  of  ealculated  blood  Uows  see  Table  II. 

The  flow,  which  is  originally  4:-G7  grammes  in  the  paralyzed  hand  as 
compared  with  0-15  grammes  in  the  normal  hand,  comes  out  at  4-31  grammes 
per  100  c.c.  per  minute,  both  for  the  period  of  immersion  of  the  normal 
hand  in  cold,  and  for  the  period  of  its  immersion  in  warm  water.  The 
slight  diminution  has  probably  nothing  to  do  with  the  immersion  of  the 
contralateral  hand  but  is  merely  the  expression  of  the  slow  continuous 
decline  in  the  flow,  esjjecially  where  the  circulation  is  feeble,  often  witnes.sed 
toward  the  close  of  a  long  experiment,  and  due  partly  to  the  increasing 
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venous  congestion  of  the  hands,  which  are  hanging  vertically  down,  and 
partly  to  vaso-constriction  by  the  long  stay  of  the  hand  in  the  water  of  the 
calorimeter,  which  is,  of  course,  at  a  somewhat  lower  temperature  than  the 
normal  temperature  of  the  epidermis. 

The  absence  of  the  vaso-motor  reaction  in  this  case  may  be  explained 
by  the  secondary  changes  in  the  blood  vessels,  including  the  terminations 
of  the  vaso-motor  nerves,  in  the  long-paralysed  hand,  although  possible 
changes  in  the  vaso-motor  path  in  the  cord,  secondary  to  the  degeneration 
in  the  antero-lateral  column  conditioned  by  the  cerebral  lesion,  cannot  be 
excluded.  This  constitutes  an  organic  paralysis  of  the  vaso-motor  reflex 
studied.  A  functional  and,  of  course,  temporary  paralysis  of  the  reflex  was 
observed  in  a  case  (C.  C,  Table  II)  (Experiment  XXIX),  where  one  hand  was 
inflamed  from  an  infection  of  the  middle  finger.  The  flow  in  the  infected 
hand  was  11-93  grammes,  or  allowing  for  the  effused  licpiid  and  reckoning 
the  flow  for  the  actual  amount  of  hand  tissue  normally  present,  1305  grammes 
per  100  c.c.  per  minute,  while  the  sound  hand  had  a  flow  of  only  4'J2  grammes. 
The  vaso-motor  reflex  elicited  in  the  inflamed  hand  from  the  sound  one, 
whether  by  cold  or  by  warm  water,  was  very  shght,  although  in  the  normal 
direction.  Obviously,  as  an  adjunct  or  a  consequence  of  the  inflammatory 
process,  the  vessels  were  held  permanently  dilated  and  able  to  respond  but 
slightly  to  the  reflex  stimuli  arising  in  the  contralateral  hand.  There  is 
scarcely  any  doubt  that  the  flow  in  the  sound  hand  was  smaller  than  normal, 
being  probably  reduced  by  a  reciprocal  reflex  vaso-constriction,  perhaps 
in  part  a  pain  stimulation,  originating  in  the  inflamed  hand. 


Experiment  XXIX. 

C.  ('.,  tramster,  aged  3(5.  Jliddle  finjicr  of  right  hand  infected.  First  noticed  four  days 
ago.  The  liand  is  considerably  swollen  and  the  pain  is  sufficient  to  liinder  hiiu  from  sleeping. 
Pulse  (sitting)   IIU.     Mouth  tenijierature,  37-S^'. 

3.44i  p.m..  Put  hands  into  bath  at  about  3U".  Put  2,970  c.c.  water  into  K,  3,030  c.e. 
into  L. 

3.54  Hands  put  into  calorimeters,  riglit  into  R,  left  into  L,  as  usual. 


Tl.ME. 

R 

I. 

XOTKS. 

TlMK. 

R 

L 

Notes. 

3.53 

29-(i0 

29-(>0 

4.04 

30-6ti 

29-H5 

3.59 

30-O.S 

29-08 

4.05 

30-79 

29-90 

4.00 

30-19 

29-70 

4.015 

30-89 

29-95 

4.01 

30-31 

29-73 

4.07 

31-00 

30-02 

Room   23-S". 

4.02 

30-43 

29-77 

Roem   23-9 

4.0S 

31-10 

30-05 

.\t  4.0.S  )iut  left 

4.03 

30-55 

29-Sl 

hand   in   cold 
water  (9-4°). 

4.09 

3MS 

4.1S 

32-02 

4.10 

31-27 

Room   23-G  . 

4.19 

32-11 

4.11 

31-:m 

4.20 

32-19 

At    4.20  dried   left    hand 

4. 1 2 

31-44 

and    wrapjied    it    in   a 

4.13 

31-55 

4.21 

32-27 

uarni  towel. 

4.14 

31 -(15 

4.22 

32-35 

At   4.22  took  right  hand 

4.15 

31-74 

At  4.15  put  left   hand  m 

out  of  R. 

4. 1  r, 

31 -S3 

warm   \valer   (43). 

4.27 

TemiieraturoofLisnow29-S7' 

4.17 

31-91 

Room  23-(i' 

4.3S 

32-11 

Room  21 -.5. 

^'^.lun]e  of  right  hand  5<S0  c.c,  of  left  hand   500  v.r..      Height  5ft.  11  hi. 
For  sjiiopsis  of  calculations  of  blood  flow,  see  Table  II. 


Weight  1(J5  lbs.. 
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ft3 


large 


In  a  case  of  Graves'  disease  (B.,  Table  II),  (Experiment  XXX),  Mk 
blood  flow  of  14-18  grainnies  per  100  e.c.  per  niinnfe  in  the  ri^ht  iiand  was 
promiitl}-  reduced  to  7l-!2  grninmes  by  immersion  of  the  left  hand  in  cold 
water,  and  tlie  reduction  continued  dnrinff  the  period  of  immersion. 


E.rperimcnl   XXX. 

R.  Mnn.  Of  iniddlp  figc.  Orn\T's'  rlisease.  A  tumour  enn  lio  soon  and  tV'It  mi  flu^  ri^iht 
siilo  1)1  the  nnck  in  tlin  |ic)sitinn  of  tlio  fhyroiil  lolm.  Thoro  was  n  swollin;:;  nlso  un  lliu 
li'ft  si(li>,  liut  tliis  lias  (lisappoarccl  iindor  trcntnioiit.  Ho  sa\s  lio  is  miioli  liottrr  tliaii  lie  was. 
Exo|ilitlialnios  is  still  )irosoiit.  Ho  hail  marked  tachyoardia.  lait  tlio  jnilso  rato  is  staled  lo  l>o 
loss  now  than  it  was.  Cortain  norvons  syni])toms  still  jirosont.  His  hands  and  surl'aco  gonorally 
fool  warm,  and  ho  statos  that  ho  is  always  too  warm.  -Mouth  tomporaturo,  ;i(i'4  .  IMilso.  lOU 
(sittini,').  llli  (standing). 

I  l.")0  a.m..     Hands  put  into  hath  at  W-^".     .\t  1  l.Ti?  a.m.  tomporatiiro  of  hath  is  :!(I-S  . 

12.00  Hamls  j.ul   inin  r-.-ilnriiiiotors.      .'S.Olfi  p.o.  wati^r  in  oaeh. 


Time. 

R 

I. 

Notes. 

Time. 

R 

L                  Notes. 

11..-.'.! 

2s-i;s 

2S-.-I9 

12.10 

29-02 

20-42 

I-'.OI 

2S-7S 

2S-00 

Rnurn   21 

-0  . 

12.11 

2o-r,s 

29-.50       Room    21-.'!  . 

l-J.OL» 

2S.SS 

2S-7I 

1  2. 1 2 

Put  loft  hand  into  cokl    water    at 

l-.'.o:! 

2S.07 

2.S-S1 

10°,  risins  durinK  immersion   to 

12.U4 

20-07 

2H-92 

11°.     He      feels      the     rold     so 

12.0;"> 

20-lS 

20-00 

Room   21 

.,1 

keenly    that    ho  ran   only    keep 

12.07 

29-32 

20- Hi 

the    hand    in    tlio    eold    water 

12. OS 

2il-4:i 

20-2.5 

intermittently.     This    was    not 

12.0!l 

2!)-."'i2 

20-:!4 



seen  with  any  other  patient. 

12.12* 

2'.)-7r> 

12.21 

;50-ii 

I2.i:r 

20-77 

I  o  oo 

10 -20 

12.14 

20-Sl 

Tomporatiir(^  of  I>, 

2o:.:! . 

12]  21 

.•!0-27 

.\t   12.21  dried  and  a\  rap- 

12.15 

20 -84 

12.24 

;io-:!2 

lied    up    left    hand. 

12.10 

20-SS 

12.2.". 

:io-4o 

12.17 

20-92 

12.2(i 

:50-4S 

12.1S 

29-97 

12.27 

:!o-r,4 

12.  ISA 

— 

Loft  hand  jiut  inti 

warm 

12.2s 

:io-iio 

.\t  12.2s  took  ricrht  hand 

12.10A 

.10-04 

water  (42-2  ). 

out    of  caloviinctor. 

12.20" 

:!(i(i."i 

Room  22-4  . 

Volume  of  right  hand,   17o  e.c.  ;     n 

liand,  .lofl  CO.. 
Heiglit,  5  ft.  7i  in..     Weight.  127  Ihs, 


r    left 


At  12,47  p.m.  R  has  ((K.li-d   to  KMS"  and 
L  to  10-20". 


For  summary  of  ealeulnted   Mood   flow,  see  Talile  IT. 


The  copious  circulation  in  B.  is  in  sharp  contrast  to  the  feel)le  trickle 
in  the  hands  of  A.,  a  case  of  "  dead  fingers  "  of  the  right  hand,  a  condition 
allied  to  Raynaud's  disease  but  unilateral  and  confined  to  three  fingers.  These 
two  patients  and  the  patient  C.  were  all,  for  one  or  two  hours  before  the  obser- 
vations, kept  under  the  same  temperature  conditions  in  the  office  of  my 
friend  Dr.  Peskind,  to  whom  I  am  indebted  for  the  opportunity  of  examining 
them,  and  therefore  the  differences  found  represent  real  differences  in  the 
hand  circulation  of  the  individuals  and  not  merely  differences  accidentally 
present  or  artificially  jiroduced  under  the  conditions  of  the  experiment. 
The  relative  increase  in  the  circulation  of  the  right  hand  of  A.  «  hen  the  left 
is  immersed  in  warm  water  is  very  great,  although  the  absohite  increase  is 
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small.  This  agrees  with  observations  on  otiier  cases  in  which  the  hand 
circulation  \\as  feeble,  for  example  S.  H.,  (Table  II),  a  case  of  pulmonary 
tuberculosis.  Here  the  flow  of  0-3  gramme  per  100  c.c.  per  minute  in  the 
right  hand  was  gradually  increased  to  2-9  grammes  during  and  after  immersion 
of  the  left  hand  in  warm  water.  This  fell  to  2-0  grammes  on  subscciuent 
immersion  of  the  left  hand  in  cold  water.  In  M.  G.,  (Table  II),  a  case  of 
chronic  dyspepsia,  warming  the  left  hand  caused  the  flow  in  the  right  to 
increase  from  2-88  grammes  to  3-96  grammes,  M'hich  on  cooling  the  left  hand, 
was  diminished  to  3-52  grammes.  In  J.  M.  (Table  II),  a  case  of  aortic 
aneurism,  the  relatively  small  flow  of  3-96  grammes  in  the  right  hand  was 
only  reduced  to  3-42  grammes  by  immersion  of  the  left  hand  in  cold  water, 
to  rise  to  5-5  grammes  on  drying  and  wrapping  up  the  left  hand  in  a  warm 
cloth.  In  B.,  on  the  other  hand,  and  in  the  normal  person  M.  C.  (Table  I), 
in  both  of  whom  the  hand  circulation  is  habitually  copious,  the  application 
of  warm  water  to  the  contralateral  hand,  although  it  markedly  increases  the 
flow  when  it  has  been  previously  diminished  by  the  immei'sion  of  the  contra- 
lateral hand  in  cold  water,  does  not  increase  it  materially  beyond  the  original 
level.  This  is  what  might  be  expected.  The  more  widely  dilated  the 
arterioles,  the  smaller  is  the  possible  range  of  an  additional  reflex  vaso- 
dilation, the  greater  the  possible  range  of  a  reflex  vaso-constriction  and 
vice  versa.  In  one  case,  that  of  J.  V.  (Table  II),  a  boy  suffering  from  pul- 
monary tuberculosis,  Avith  a  weak  pulse  and  poor  circulation  in  the  hands, 
the  contralateral  reflex  normally  evoked  by  warmth  was  not  obtained  nor 
was  any  effect  produced  by  immersion  of  the  contralateral  hand  in  cold  water. 


Note. — Paper  III.  of  this  series,  "The  influenre  of  forced  breathing  on  the  blood  flow  in 
the  linnds  "  appeared  in  the  American  Journal  of  Pliysiolojy,  1!11],  xxviii.  1 33.  Paper  IV. 
"  The  inliiienco  of  oxygc^n  inlialation  on  the  cin-nlation  in  a  case  of  cyanosis  "  in  the  Journal  of 
Pliarmacolofiii  and  experimcnlal  Thcrapciilicx.  1911.  ii,  477.  A  pa|)er  containing  additional 
results  on  clinical  cases  is  to  be  fomul  in  The  Cleveland  Medical  Journal,  IHl  1,  x,  S.S.'i. 
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tiictits  brotkelttd  tuf;ulhcrnei 


TiBLE  : 


Age  'Ji  ve.tr&     Infuitik  paiMK^it  io  led  ItAml, 

Ago  le.VeiglU  UW  lbs.,  height  .ifl.   lOin.,      Itirth  p*lsy  wiili 

Bpiisiio  parAl\*«is  of  left  wml. 
Age  IT.  weight  Si   lbs.,  hetelit   5fi..      Mitral  itcnceis  And  iu- 

sufficioncy  willi  hypertrophy  of  It^art.  nml  fair  compvitSAtion. 
Age  47.  weight   170  iW.  heiaht  Ml,    lOJii, .      Art<«riosrlon»i». 

Right  arm  shorter  than  left  fmiii  old  rheiiinntic  afTcetion. 
Age34,  weight  12011j«,. height  Sft.  .^m.    Goitre-     No  tnchjfutdiik 

or  wxuphttuthuos.     Alvra\-8  fiwls  rold.     t'uUo  not  Strang. 
Ago  20,  height  •'■ft.  4)n..     ^loiiri'iy  with  efTtuinn  (Itiberviilar). 

Coughed  niiirh  during  ob«»rv«tion,     I'idso  we«k. 
Age  S3;  weieht  I5S  Iba..  height  5(1.  Svh..     Thnmrio  unotiriNii, 

8>-al<i1ic  hluod  prMBUi^,  203. 
Btooil  ptwmiiie  210.     Inter^^l  between  the  two  Kxf^  30  daw. 
Age  30,  weight  160  lbs,,  height  fl(l,  lOiii.,     Blooil  unwsiir«  SU>. 

Pulse \ery strong.   Myopftnlit U two ye«r« ftgo and nearl>' died. 
Age  30.     Height  6(t,  2in..      Anieniia,  gMtrie  dilatation. 
Age  ''O,  weight  170l)is..  height  Oft..      Right  brachial   neuritt*. 

Pain  began  thrre  monihit  ago  in  ]>ro\'iotialy  injured  ahonlder. 

Right  arm  and  hand  weak. 
Age  27.  weight  145  lbs.,  height  Sft.  4in,.    Neuritis  of  left  braehial 

l>lexiis.    Pain  IxHian  tour  niontlw ago.   Somoatroiihy  of  um*et 

nnn  miisrles.      (!ri|>  of  left  hnnd  Mcnkeiieil,  hut  no  iitt-^nN' 
Age   3S.      NeiiritiH   of   right    hmc-hinl   plexM*   of   long  slaiitling. 

Atfophv  of  sermtus  mngniu,  Ae,,  und  of  hand. 
Age  4S.      Earlv  neuritis  causing  miirkn)  wenknew  of  right  hand. 

P«in  in  riglit  elbow  for  four  uwks.     Weight  120  Uw.,  height 

■ift-fiin..     In  olwervntion  2  the  left  hami  w,ui  immemnl  in 

rold  water  :  in  3  the  immersion  iti  i-ol.l  wnter  continued.   In  4 

left  hand  was  immersed  in  wiirm  nutor      Oktervnlion  A  «•«.• 

mode  alter  dr%'ing  and  wntfi'ini;  nr  IcK  hmi.l 
Age  40.  height  fift.  iHn.,    PrJ«n^*.u.•  iiiutri.l.ir  atrophy  of  ami* 

and  lianiU  nin«t  advaneisl  in  led.      <lh«TM»lii)n  2  wan  madn 

during  immersion  of  right   lioiid  in  <-<'ld  water;    3  diirlnu 

innner>.ion  ol  right  hand  inw,irni«al.>r  (which  rnusod  tingling) 

4.  after  drving  and  wrapi'ini;  >i)>  nuM  hnnd 
Agi>24.  weighi  ISO  Ibd,  height  ■>"   '•!••       i  ..t,-.i,i..r     Oeoiij>ation 

nnun.lB.»(«ilh  fomeneuMt h,  ■       — 

2.  diirnifiinnnefition  of  Icfi  li  ■  i  i    ■        .  i    ■  i  .  i 

(iriuixt  itiirnersion  of  left  li  m.  i   .  .  i       .  .  i 

memiDii  of  left  hnnd  in  »ii[iii   I'li.i  . 

wrapping  lip  led  hnnd. 
Age  in.  weight  ISO  lb*.,  height  8d,  5in.,    Cliroi        .    . 

7  yeaiv.'   Kloun  calculated  Mparalely  for  Unit  14  •m!  Inat  1 

minntea  of  evi>eriinent. 
Ago  42.  weight  UtO  lltd..  height  ftlt.  Tin..    Aortic  ln»ufficloney  and 

-■ ■-       Illood  pRvwuro  170. 


Olifcrvatio 
a.  during  eon- 
4,  diirii\ii  ini' 
or  drying  ami 

r  d.\-*pomla  for 


Ago    14.     Mitral   inMiiflli'i 
puhiiunorv  t  ul>erriilo»iii. 

Age  no,     Dilatation  ol  aortic  ar 

Age  72.     Senile  heart,  chronic  r 
artorio-iiolenMid. 

Age  fid,  weight  ISO  lbs.,  height 


lid    chronic   hconchiti*.     Somo 


ninod  praMum  IftO. 
uilh  arrhythmia  and 


m,  r.in.,  lefthundcil.     Tahnr 


Ago  ^7.  weight  IflK  lh«,,  height  flft,  7lii.,    Right  elbow  inllamo<l. 

Han<U  u.mnid  hut  cnld.  iv  evp.w.-l  ..ri  .-..Id  d.iv  ivithoiil  glovo. 

Age   lft(.  wi-ik-l.t    m  111--,  hcik-ht   ;.d    1u,        ruhiiciiiiri  lulier- 

water.     t)l.«Ti.iti..ii   H,   n.nliiiund.in   i>l   ;'.     t)l-erwiti<in   4, 
after  drMriK   ..ri.l    « nipiini,-   up   left    hand,      OI«er\alion    (V, 
during  im>iii'r>i<iii  of  l.<(t  hnnd  in  i-old  water.     Olmervallon  n.. 
after  .Irving  nml  ^.nii'l'mg  n|-  l<*"  hmol  . 
Ak.-   32.   ..MitfM    lllMI.-.   Ii.-i«l.l   .Mi,.1(ln-..      Aortic   uneiirjMU, 


I  yr 


of  Ml 

UI'-T-al(..ii  ;i,  ™fl..r  .lr>(iig  .iii.l  »  rap 

ping  tin  laft  I  land. 

Ago  3l.  Iiolght  nil.  Oin..  MyoeardilU,  inarkol  arrhythmia. 
KKtn'mltiM  alwaya  cold.  Oluervntlun  J,  during  imiiienion 
of  led  hand  In  wami  water. 

Ago  »0.  height  Ml.  ^in..  ArloriomleriML*.  Warn  Ind  handed,  hut 
now  u>e«  right  motl.  ())mervnlion  2.  during  iininoraitm 
ol  led  hand  in  cold  water,  Olnorvalioii  3,  lolt  )iand  in  wann 
water.     OlMervalion  4,  rontiniiation  of  3. 

Age  no,  height  flft,  Klin..  Murk.xl  oaterio  *c1oriMU.  Caplllarie*  of 
hand  ufler  |irtiaiturc  Kll  vcrv  nlnulv.  Dbanriatfon  3,  during 
iininemion  of  led  hand  in  wann  wnl«r.  ObMrvalloii  3, 
left  hand  in  cold  water.  Ohtertallon  4,  after  drying  and 
wrapping  lip  left  hand  in  warm  cloth. 

Age  .14,  height  Aft.  2in..  Unlema  of  led  hand  (duo  to  accidental 
■ei'lion  of  nidial  nerve  U 

Age  :<it,  wniuht  )ii:<  llu,,  heiaht  .Id.  1  lln..  Right  hand  inflamtvl 
through  mfcKrlion  uf  middle  linger.  ObMrvallon  V,  during 
bnineroiiin  of  left  hand  in  cold   water.     Ulworvaljon  3,  led 

Agi>  1>\  height  Mt.  3u\..  Rat noiid'n  dUeou.  Olaervallon  S, 
during inini'-niion of  nuht  hnnd  in  -old  wolor  Olnurvalion 3. 
during  continued  unrneriii'in  o(  riuhl  IiuihI  in  I'jI.l  water. 
Oluwrvallori  4,dnring  immersion  of  riglit  hniKl  in  wann  watar 
Olacrvation  A.  aflur  drying  nnd  Hraiiplng  u|>  right  haiul. 
Kblcrlymnn:  Hciglil  1114  IIm  .  Iiciglit  :>d  llin  .  t'undltion  allle.| 
to  Itn.Miniid'a  iliMutw  l,nl  affn'ling  unly  right  lian>l, 
Oltu'r'.aliiin  2.  Ii>li  hand  in  wann  water.  IJIiiertalJun  3,  lafl 
hand  dnnl  and  wnpjiod  up. 
Sliddlc  ugml  mnii^  weight  127  lln,  height  Ml  7flu.,  (Jravoi- 
itiwuv.  Ohwirt'Blion  2.  durinif  inmiarvion  of  left  hand  In 
(old  water.  UlMcrvation  3,  (lunng  Immnniun  of  led  lianil  lit 
wann  walnr.  OInervalion  4.  alter  drjlng  an>l  wrapjilng  up 
Ml  hand. 

Ageft?,  weight  1U2  ll>..  height  >1fl.  4in,.  I.«fl  hnminUvgia  0>Han 
•go.  0(i«f nation  2,duringiinin(in>i(in  of  right  fiand  in  warm 
walvr.     f»Merta(ion  3,  right  hand  in  rotii  water 

Ago  19, weigh)  l4UII»..hriglilMl,  inin..  I'nlmotuirvluljernilMU, 
Pii1m>  irnall.  I'lw  loiwi'm.  «)l»«r< ■lion  1.  Ml  liand  In  warm 
water.  (Iixcnaiiun  3.  afixr  drjiiig  ami  Mmpplng  up  Mt 
baial.     Ola«r>alt»n  4,  led  ha.    ' 

Age  44.  weiglit  140  IIm  .  hejgl 
emj'hyavnia      Fa^A  ani 
lime  io  lime  wilhmil  tly{ 

ForvDoon.      t'lnir  weelta  afi«r  Ki[w<nnienl   I. 

.«i-m..^      rit^,,»t|.,n  l-gun   U}  mioulM  a(l»r  >   [<«iod   ■ 


.  hejcht  Ad   Sin.      Mrondhllia  with  mark^J 
and  eilramllloa  banirno  cyanotic  Iroin 


-k  afl»i 


ILaak  off. 
rwk  aflw  lail 


la«l  etfiMliiianl. 
ipffriment. 


olhioc   air  Ihfvugti 

■  inwnrnvfit. 

Blbtag  air  ikrough  I 


aim  in   mouth.     Oam  « 
iIm  in  ni<*iilli. 


10  ttay*  B/i«r  (••«  •i|»rin>a«« 

Ifrtrmay. 
I>uru«(  irafruNV^oti  ol  Uft  haitol  i 

Afl*rdnii><  and  ■rapf-to^  "i- 


fa**  tary  duliaetly  eyaiyli 
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PAROXYSMAL     TACHYCARDIA     ACCOMPANIED     BY     THE 
VENTRICULAR    FORM    OF    VENOUS    PULSE. 

By  H.  HUME  TURNBULL. 

{3Ielbovr>ie). 

ALTnouGii  the  rapid  heart  action  in  the  case  hero  recorded  had  hxsted 
apparently  continuously  for  5i  months,  the  term  paroxysmal  tachycardia 
is  apjilicd  to  the  case  for  the  following  reasons  : 

1.  The  type  of  heart  beat  was  definitely  abnormal,  as  shown  by  the  form 

of  the  venous  pulse  and  by  the  electrocardiograms. 

2.  The  heart  slowed  in  a  way  which  is  characteristic  of  true  paroxysmal 

tachycardia,  i.e.,  the  rate  fell  suddenly  from  L50  to  88  beats  per  minute; 
whereas  in  simple  rapid  heart  action  from  toxfemia  or  defective 
innervation  the  rate  falls  gradually. 

3.  Before  the  slow  rate  was  established,  short  paroxysms  occurred,  which 

were  of  an  exactly  similar  nature  to  those  previously  recorded  in  cases  of 
undoubted  paroxysmal  tachycardia,  showing  abrupt  onset  and  offset  ; 
and  during  these  paroxysms  the  polygraphic  curves  were  precisely 
similar  to  those  obtained  during  the  prolonged  tachycardia.  For  these 
reasons  the  prolonged  tachycardia  is  regarded  merely  as  a  long  paroxysm . 

The  patient  was  a  man  aged  74,  a  retired  medical  practitioner,  who  had 
led  an  active  life,  and  had  always  been  very  fond  of  athletics.  He  had 
always  been  a  very  healthy  man,  and  had  never  suffered  from  any  illness. 
About  a  year  before  the  onset  of  the  present  illness,  while  cutting  a  hedge, 
he  ruptured  most  of  the  fibres  of  his  right  biceps  muscle  ;  previously  he  had 
sustained  a  similar,  though  less  severe,  injury  to  one  of  his  leg  muscles. 
He  had  never  noticed  any  symptoms  which  directed  his  attention  to  his 
heart,  except  an  occasional  thumping  beat,  which  gave  him  no  distress. 
At  the  end  of  January,  1010,  he  awoke  one  morning  feeling  very  seedy  in  an 
indefinite  way  ;  he  was  not  breathless  and  could  get  about,  but  felt  very 
unwell.  He  consulted  Dr.  Ford  Anderson,  who  found  his  heart  to  be  beating 
very  rapidly,  and  advised  him  to  go  to  bed  and  stay  there,  advice  which 
he  at  first  disregarded  ;  but  at  the  end  of  three  days  increasing  weakness  and 
shortness  of  breath,  especially  on  exertion,  compelled  him  to  lie  up.  Ho 
could  recline  in  comfort  and  sleep  well,  but  his  breathing  was  not  quite  easy. 
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Rest  in  bed  and  treatment  gave  no  lelief  and  on  May  the  16th,  lOlO,  his 
condition  was  as  follows  :  when  lying  quietly  in  bed,  respiration  was  easy 
and  he  seemed  quite  eomfortable,  liut  on  any  exertion,  even  on  talking,  he 
became  a  little  breathless.  The  lips  and  the  nose  were  especially  eyanosed. 
The  heart's  dulness  extended  from  the  right  sternal  margin  to  the  nipple 
line  on  the  left  side,  and  there  was  dulness  to  the  right  edge  of  the  sternum, 
as  high  up  as  the  sterno-clavicular  articulation.  The  apex  lieat  was  not 
palpal)le,  and  the  heart  sounds  were  weak  but  clear.  The  lungs  were 
emphysematous,  but  no  other  abnormalities  were  detected  on  exarriination  ; 
the  liver  was  not  demonstrabl}'  enlarged,  and  there  was  no  sign  of  oedema. 
The  walls  of  the  radial  and  Ijrachial  arteries  ap]ieared  slightly  thickened 
to  the  palpating  finger.  Polj-graphic  curves  showed  a  regular  jDulse  of  150 
per  minute,  the  venous  pulse  being  of  the  ventricular  form  (as  in  Fig.  3  and  4). 

Tincture  of  digitalis  was  given  in  doses  of  20  minims  three  times  a  day, 
but  no  change  was  noticed  till  May  the  2.'?rd,  when  the  patient  awoke  feeling 
verj^  weak  and  ill,  though  he  was  soon  comfortable  again.  Tracings 
taken  on  that  day  showed  a  great  change  in  the  heart's  action.  The  pulse 
was  about  SS  per  minute  and  marlvcdly  irregular.  The  irregularity  was 
apparently  due  to  a  mechanism,  transitional  between  the  paroxysmal  tjrpe 
and  normal  type.  Four  days  later,  the  pulse  was  mostly  regular,  and  the 
auriculo-ventricular  sequence  was  normal,  being  interrupted  by  several 
paroxysms  (Fig.  1  and  2)  :  the  lieats  of  these  paroxysms  were  precisely 
similar  to  those  of  the  long  paroxysm  present  before  treatment  was  begun. 
The  onset  and  offset  of  one  paroxysm  are  shown  ;  it  ended  in  an  irregular 
I^eriod,  of  the  transitional  ty]ic.  and  later  the  normal  rhythm  was  resumed. 

During  this  regular  normal  period,  an  interesting  feature  is  a  wave 
occurring  regularly  after  the  v  wave  in  the  venous  pulse,  at  a  constant  dis- 
tance after  the  r  wave.  Taking  the  irregular  period  in  Fig.  2  (taken  on  the 
same  day),  it  is  seen  that  the  regular  rhythm  is  interrupted  by  four  small 
beats  which  appear  at  shorter  intervals  than  do  the  normal  beats,  and  each 
is  accompanied  in  the  venous  pulse  by  two  waves  r  and  v,  as  in  the  paroxysmal 
curves.  Careful  measurement  shows  that  the  auricular  rhythm,  which  was 
very  nearly  regular  over  the  slow  period,  was  disturbed  by  the  occurrence 
of  these  premature  beats,  showing  that  the  normal  pacemaker  was  affected 
by  them,  and  suggesting  that  the  impulses  giving  rise  to  these  contractions 
arose  in  some  abnormal  part  of  the  auricle. 

The  slow  rhythm  present  on  May  the  27th,  was  not  maintained,  and 
on  the  succeeding  day  only  a  very  few  short  strips  showed  normal  beats, 
while  by  the  30th,  the  original  tachycardia  was  entirely  re-established 
(Fig.  3).  This  tachycardia  was  continued  in  spite  of  a  full  course  of  tincture 
of  aconite,  and  by  the  beginning  of  Juh^  the  patient's  condition  had  become 
much  worse.  The  breathles.sness  had  been  steadily  increasing  and  the 
breathing  was  now  very  much  oppressed,  while  definite  dyspnceic  attacks 
occurred  at  times.     On  July  9th,  a  second  course  of  digitalis  was  commenced, 
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Fig.  1  n  nndh.  Shows  tlje  1  oeiniiing  and  ond  of  tho  iiaroxysni  recorded  on  May  the  27tli. 
Tlio  voiiiKis  ciirvo  sliows  tliat  the  lieats  of  tliis  puroxyain  are  similar  to  those  of  tlie  long- 
standing  tHi-li\'(ai'<lia. 


Fig.  2.  The  foul' sliorter  l>t>ats,  marked  r' .  show  a  vi>nons  curve  similar  to  that  of  tho  paroxysms, 
and  measuiement  shows  tliat  the  aiii'iculai'  rli\thm  is  upset  by  these  boats,  the  interval 
between  the  precetling  and  following  normal  heats  being  more  thai)  three  but  less  than 
four  times  the  normal  interval  between  beats.  Note  particularly  the  regularly  occurring 
post-systolic  wave. 


r 


UAJUiiAAJ\,J\JUJ\iJUVA-J\J\! 

Fig.    :!.     Jlay    tlio   EOlh.      Paroxismal   ccndition   comiilotely  re-e.stablished ;   alternation    less 
marked  in  the  radial  ciu\c.     (The  same  nlel■hanl^nl  was  |>resent  on  the  llith  and  24tli.) 
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one  of  Nativelle's  dlgitaline  granules*  being  given  three  times  a  day.  At 
this  time  the  pulse  rate  was  150  per  minute,  and  alternation  was  marked  in 
the  radial  pulse  (Fig.  4).  On  the  evening  of  the  19th,  he  complained  of 
nausea  and  loss  of  appetite  and  the  digitalis  was  stopped,  after  he  had  taken 
33  granules  (  =  S^-  drachms  of  tincture  of  digitalis). 


Fig  4.     Condition  un  July  the  Ifjth,  showing  marked  alteration  in  the  radial  pulae. 


v^A.r\i,c 


-RU 


Fig.  5,     Taken  on  July  tlie  20th,  during  a  regular  period.     The  pulse  rate  is  76  per  minute  aad 
the  auricular  wave  is  well  marked  in  the  \'enous  curve. 


J. 


""Vu 


y^2 


fMAAz-^w/Vr/v/V/Vv' 


v/A 


.A-^ 


Fip.  0.  Taken  the  same  day  (July  the  20th) ;  showing  extrasystoles,  which  recur  regularly  over 
lengtlis  of  the  tracing,  and  which  are  .similar  in  the  venous  tracing  to  the  beats  of  the 
paroxysm. 


Tracings  taken  on  the  morning  of  the  20th  showed  periods  of  regular 
pulse  at  76  beats  per  minute,  with  a  normal  venous  curve,  alternating  with 
periods  in  which  a  small  beat  (r')  occurred  regularly  between  two  large  beats, 
the  large  one  showing  an  a  wave  in  the  venous  curve  and  the  small  one  being 
an  extrasystole  of  the  same  type  as  the  beats  of  the  main  paroxysm  (Fig. 
5  and  G).     On  July   22nd,  two  days  later,  he  complained  of  feeling  very 


*  Dr.  J.  Mackenzie  has  shown  that  one  of  these  granules  is  equivalent  in  etiect  to  15  minima 

of  the  tincture. 
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unwell,  the  breathiessness  being  more  marked  than  usual.  He  felt  rather 
queer  in  the  head  and  his  memory  was  bad.  He  was  restless  and  uneasy, 
talking  a  lot  and  rather  w  ildly,  and  owing  to  his  continual  movements  it  was 
difficult  to  get  a  satisfactory  tracing.  A  tracing  was  obtained  however 
(Fig.  7).  \\hich  showed  a  completely  irregular  pulse  witii  no  definite  a  wave 
in  the  jugular  curve,  though  at  times  there  was  a  single  presystolic  wave,  and 
at  others  a  series  of  waves  through  the  diastole.  There  seems  to  be  little 
doubt  that  the  auricles  at  this  time  were  in  a  state  of  fibrillation.  On  -Inly 
the  24th,  the  pulse  was  perfectly  regular,  72  beats  per  minute,  and  the  venous 
curve  showed  normal  regular  a  waves.  There  was  still  mental  confusion  and 
he  felt  rather  ill  and  weak.  From  this  time  he  was  kept  in  bed,  as  it  was 
thought  that  the  movement  entailed  by  getting  up  to  dinner,  as  he  had  done 
previously,  might  re-induce  the  almormal  rhythm.  On  July  the  27th  he 
expressed  himself  as  feeling  very  well,  better  than  he  iiad  been  for  a  long  time. 
He  was  quite  comfortable  and  could  breathe  with  perfect  ease,  all  traces  of 
breathiessness  had  disappeared  and  iiis  mind  was  now  quite  clear.  The  pulse 
was  72  per  minute  and  rpiite  regular,  except  for  an  occasional  extrasystole, 
in  which  auricle  and  ventricle  ajijieared  to  contract  prematurely  and  so 
close  together  as  to  give  rise  to  one  largo  composite  wave  in  tlie  jugular 
pulse  (Fig.  S). 

From  this  time  onwards,  his  jirogress  was  quite  satisfactory,  and  after 
resting  quietly  in  bed  for  about  a  week,  he  was  able  to  get  up  again  in  the 
evening  and  shortly  afterwards  he  went  away  for  a  change.  He  took  things 
easily  at  first,  but  did  more  as  his  strength  returned,  and  when  last  seen  on 
November  the  4th,  he  was  very  well  and  had  just  ]iassed  through  a  severe  cold 
without  distress  and  had  completely  recovered.  He  was  able  to  walk  about 
three  miles  each  afternoon,  half  of  it  u])iiill,  without  breathiessness  or  the 
least  distress.  A  tracing  showed  a  pulse  of  72  beats  per  minute,  regular 
except  for  an  occasional  extrasystole  the  nature  of  which  was  uncertain ;  but  as 
the  period  between  the  preceding  and  following  normal  beats  was  less  than  two 
pulse  ])eriods,  the  prematiu'c  beat  was  probably  auricular  in  origin. 

Electrocardiograms  showed  a  perfectly  normal  sequence  of  contraction. 

Discussion  oj  polygraphic  curiies. 

The  chief  interest  in  this  case  centres  around  the  nature  of  the  two  long 
paroxysms,  one  of  which  lasted  so  many  months.  During  tlie  attacks, 
the  pulse  was  of  the  ventricular  form.  The  heart  mechanisms,  \\hich 
may  be  credited  with  the  production  of  regular  paroxysms  of  tachycardia 
in  ^\•hich  no  definite  signs  of  auricular  contraction  are  shown  by  the  phlebo- 
gram,  are  several.  The  paroxysms  may  be  of  ventricular  origin  and  may 
retrogress  to  the  auricle,  the  paroxysms  may  arise  in  the  junctional  tissues, 
or  they  may  arise  in  the  auricle  and  be  accompanied  by  an  increased  con- 
duction interval.  Each  and  all  of  these  mechanisms  may  produce  synchro- 
nous contraction   of  auricle  and  ventricle,  and  consequent  masking  of  tlie 
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auricular  waves.  A  fouitli  possibility  is  an  auricular  paroxysm  with  regular 
sequence  of  chamber  contraction,  where  the  auricular  systole  is  too  feeble  to 
in'oduco  an  effect  upon  the  venous  volume.  The  polygraphic  evidence  ^\ill 
not  allow  a  final  decision  to  be  made  bet\\een  these  alternatives,  but  the 
nature  of  the  short  paroxysms  suggests  that  one  of  those  which  locates  the 
origin  of  the  tachycardia  in  the  auricle  is  the  correct  interpretation. 

In  conclusion  I  wish  to  express  my  thanks  to  Dr.  Ford  Anderson  and 
Dr.  Mackenzie  for  the  opportunity  of  examining  this  case  ;  and  to  Dr. 
Mackenzie  and  Dr.  Lew  is  for  help  in  interpreting  the  curves. 

licpvrt  on  the  electrocardiographic  curves. 

By  Dr.   Th.    Lctcis.* 

T\^o  scries  of  cur\cs  were  obtained,  one  on  ilay  the  lOtli,  1910,  during 
the  long  jjaroxj'smal  period  ;  the  other  on  November  the  16th,  1910,  when 
the  secpience  was  normal.  The  two  sets  of  curves  are  shown  in  a  single 
figure,  and  it  is  to  be  observed  that  the  rates,  at  which  the  films  travelled, 
varied,  (Fig.  U,  /,  //  and  ///  paroxysmal;  Fig.  9  IV,  V  and  VI,  regular 
serpience).  The  interpretation  of  the  j^aroxysmal  curves  was  not  possible 
until  the  later  curves  were  obtained  ;  and  this  fact  emphasises  the  importance 
of  obtaining  the  complete  series  in  any  individual  case.  The  two  series  may 
be  compared.  Fig.  9,  /  and  IV  are  from  the  same  lead,  namely  right  arm 
and  left  leg.  The  slow  curve  (Fig.  9,  IV)  enables  the  clear  identification  of 
R  and  »S'  in  the  paroxysmal  curve  (Fig.  9,  /).  Fig.  9,  //  and  V  are  leads 
from  right  arm  and  left  arm.  The  slow  curve  gives  the  clue  to  Q,  R,  S  and  T 
summits  in  the  paroxysmal  curve.  Fig.  9,  ///  and  17  are  from  left  arm 
and  left  leg.  The  summits  A'  and  »S'  are  readily  distinguished  during  the 
paroxysm. 

The  striking  resemblance  between  the  initial  phases  of  the  ventricular 
complex  of  paroxysmal  and  of  post-paroxysmal  or  slow  curves,  in  each  of  tiie 
three  leads,  is  sufficient  to  identify  the  jiaroxysm  as  one  of  supraventricular 
origin.  That  is  to  say,  it  arises  in  a  jjortion  of  the  heart  musculature  con- 
stituted by  auricle,  auriculo-ventricular  node  and  bundle.  The  exact 
relationship  of  the  auricle  to  the  paroxysm  is  not  clear,  but  several  con- 
clusions are  possible.  Fibrillation  of  the  auricle  is  excluded  ;  none  of  the 
characteristic  oscillations  are  present  in  the  curves.  The  regidar  action  of  the 
heart  and  the  repetition  of  the  same  jjicture  from  cycle  to  cyf:le,  shows  a 
similar  action  from  beat  to  beat  and  evidences  the  origin  of  the  paroxysm 
from  a  single  focus  in  the  heart  musculature.  Difficulty  arises  in  fixing 
the  end  of  ventricular  systole.  From  the  polygraphic  curve  it  appears  to 
have  a  duration  of  '  .'■   sec..      This  distance  brings  the  measurement  to  a 
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point  approximately  mid-way  between  lines  1  and  2.  as  they  are  marked  in 
Fig.  9,  I,  II  and  ///  and  at  or  near  the  end  of  the  summit  marked  T  in  Fig. 
it,  //.  The  remaining  portion  of  the  cycle,  the  small  double  summit  following 
T  in  this  strip,  is  probably  the  representative  of  an  anomalous  auricular 
contraction,  but  it  cannot  be  distinguished  with  certainty.  The  whole 
stretch  of  curve  between  lines  1  and  2  in  the  three  strips  is  in  fact  obscure. 
Lastly,  the  curves  as  a  whole  are  opposed  to  the  view  of  a  nodal  origin  of  the 
paroxysm,  for  they  do  not  resemble  those  in  which  there  is  further  evidence 
for  such  an  origin.  They  tend  to  support  the  view  that  the  paroxysm 
originates  in  the  auricle  proper,  and  that  it  has  arisen  ectopically,  that 
is  to  say  at  a  point  removed  from  the  pacemaker,  giving  rise  consetfuently 
to  an  auricular  electric  representative  of  anomalous  form,  and  one  which 
it  is  difficult  or  imjiossible  to  recognise  in  the  complete  curve  at  the  present 
stage  of  our  knowledge. 


Summary. 

(1)  A  case  of  paroxysm  of  regular  tachycardia  is  descril)etl.  in  whicli  the 
venous  ])ulse  was  ventricular  in  form.  It  was  probably  due  to  a  ilislocation 
of  imjjulse  formation  in  the  auricle.  An  observed  paroxysm  lasted  several 
months. 

(2)  Under  the  influence  of  digitalis,  fibrillation  appeared,  and  later 
the  normal  rhythm  was  resumed. 
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HEART  IRREGULARITIES,  RESULTING  FROM  THE  INHALA- 
TION OF  LOW  PERCENTAGES  OF  CHLOROFORM  VAPOUR, 
AND  THEIR  RELATIONSHIP  TO  \'ENTRICULAR  FIBRILLATION. 

By  a.  GOODMAN  LEVY  and  THOMAS  LEWIS.* 

(Fwtii    LJ )Livcrtiilij  Colleyc    Hosijilal  Medical  iSchool). 

InlrodadloH. 

The  follow  iiig  rf-seairh  was  iiiidcrtakiii  w  illi  a  view  to  tlu-  further  I'liicidation 
of  certain  cardiac  phenomena,  originally  observed  hy  one  of  us  in  eonneution 
with  the  adniiiii.stiation  of  low  percentages  of  chloroform  to  eats,  and  des- 
cribed in  the  form  of  a  pieliniinary  coninuinieation  to  the  Physiological 
Society.''  In  this  jjaper  a  peculiar  foiin  of  blood  pressure  curve  was 
described,  w  liith  is  characterised  l)y  rapid  heart  action,  high  ov  medium  i)lood 
pressure,  and  certain  fluctuations  and  irregularities  which  arc  made  evident 
by  reason  of  the  inertia  of  the  mercury  column  in  the  Ludwig's  manometer. 
This  ])eculiar  form  of  curve  was  found  to  occur  quite  commonly  under 
chloroform  administered  at  a  lo\\er  percentage  strength  than  f  per  cent.,  or 
thereabouts  ;  and  it  is  necessary  to  emphasise  the  point  that  it  was  obtained 
with  great  frctjuency  in  animals  w hich  had  not  had  a  large  initial  dose  of  the 
ana'sthetie,  and  that  it  \\as  not  seen  when  the  animals  were  under  the  full 
influence  of  the  chloroform  ;  it  may  l)e  added,  in  confirmation  of  its  frequent 
incidence,  that  it  was  readily  obtained  in  the  five  cxi)eriments  which  form 
the  basis  of  the  present  paper. 

Tlie  significance  of  this  irregularity  was  deduced  from  its  uniform  ap- 
pearance immediately  before  the  occurrence  of  heart  failure  as  a  result  of 
fibrillation  of  the  ventricles,  a  condition  which  was  shown  to  occur  in  certain 
isolated  instances  in  the  course  of  a  series  of  experiments  carried  out  in  another 
investigation  upon  cats  under  the  influence  of  eliloroform.  Certain  other 
irregularities,  characterised  by  a  regular  intermission  of  the  heart  beat,  were 
also  frequently  observed  and  appeared  to  be  conditioned  by  the  adminis- 
tration of  a  somewhat  less  raritied  proportion  of  vapour. 

It  was  further  demonstrated  that  fibrillation  of  the  ventricles  could  be 
induced  in  a  large  proportion  of  cases  by  the  intravenous  injection,  under 
light  chloroform  anwsthesia,  of  small  doses  of  adrenalin  chloride,  a  drug 
which  does  not  have  a  like  effect  under  full  chloroform  anaesthesia  or  under 
any  other  ordinary  ex]ierimental  conditions  ;    and  that,  when  the  cardiac 
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tracing  was  regular  in  the  periud  preeeding  the  injeutioii,  it  assumed  a  form 
of  irregularity  before  the  onset  of  fibrillation,  which  was  apparently  similar 
to  that  described  above  as  occurring  spontaneously. 

These  observations  appeared  to  us  of  sufficient  importance  to  call  for 
an  investigation  which  would  reveal  the  precise  nature  of  the  several  heart 
mechanisms  present  under  liglit  chloroform  ana'sthcsia. 

2Ietho(l. 

Cats  were  employed  exclusively.  They  were  anipsthetised  with  ihloro- 
form  regulated  in  percentage  terms  by  means  of  an  apjiaratus  already 
full}'  described  Ijy  one  of  us.  *  A  definite  ami  known  ])i'rcentage  of 
chloroform  was  conveyed  by  means  of  a  Brodie's  jnimp,  through  an  elastic 
bag  which  served  to  convert  the  stream  from  an  intermittent  into  a  con- 
tinuous one,  to  a  funnel  completely  covering  the  face  of  the  animal. 

A  blood  jiressure  curve  was  taken  on  a  kymograph  drum,  Hiirthle"s 
manometer  being  employed,  with  half  saturated  sodium  sulphate  solution 
in  the  connecting  apf)aratus.  Electrocardiograjihie  curves  were  also  ob- 
tained from  time  to  time  throughdut  the  same  experiments.  Th(>  lead  was  in 
each  instance  from  right  shoulder  to  left  groin.  Two  electromagnetic 
signals  Avorking  in  a  single  circuit  (ojie  writing  upon  the  kymograph  drum, 
the  other  upon  the  photographic  pa])er)  allowed  simultaneous  index  marks 
to  be  recorded,  and  permitted  the  identification  of  the  same  beats  in  the 
Htirthle  curve  and  electrocardiogram. 

Intravenous  injections  of  adrenalin  chloride,  as  supi)lied  by  Parke, 
Davies  &  Co..  were  employed  in  the  experiments.  The  dose  administered 
was  ]  to  1  minim  of  the  1  in  1.000  cninmcrcial  solulinn.  (O-OlG  to  0U65 
milhgrammes).  this  lieing  diluted  with  twenty  times  its  bulk  of  normal  saline 
solution  previous  to  injection  into  the  saphenous  vein. 

T/ic  irrctjuUirities  produced  b//  liy/il  chloro/onn  a)nrst/n'(t  alone. 

The  sole  reference  which  we  have  found  to  irregularities  of  the  heart, 
of  the  forms  A\e  describe  and  in  experiments  on  chloroform,  is  in  a  pajior  by 
Mc William.  ''  This  writer  incidentally  mentions  irregularities,  which 
apparently  correspond  to  the  ])remature  beats  and  bigeminal  pulse  which 
are  fully  discussed  in  the  following  paragraphs. 

The  irregularities  of  the  heart,  seen  inader  light  chloroform  anaesthesia 
alone,  were  of  varied  form  ;  a  number  of  these  will  be  described,  and  the 
description  will  be  simplified  if  the  irregularities  observed  in  a  single  and 
typical  exjjeriment  receive  detailed  attention.  Emjiliasis  should  nevertheless 
be  laid  upon  the  fact  that,  from  experinu'nt  to  ex]ieriment,  the  types  of 
irregularity'  encountered  were  very  constant  in  form.  Irregularity  of  the 
heart  occurred  when  the  tension  of  chloroform  vapour  in  the  insjjired  air 
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varii'd  between  -5  and  1-5  per  cent.  Repeated  observation  showed  a  de- 
finite relationship  between  the  mechanism  of  the  heart  and  the  degree  of 
ana?sthesia.  Thus,  any  animal  which  had  inhaled  0-5  per  cent,  vapour  for 
a  few  minutes,  presented  irregularity  of  the  heart's  action,  and  this  was 
often  marked  in  its  degree.  Similar  irregularities  were  observed  with 
liigher  percentages,  for  example  0-8  to  1  per  cent.,  but  as  a  general  rule  the 
degree  of  irregularity  was  less  marked.  Continued  inhalation  of  percentages 
exceeding  1-5  per  cent,  usually  abolished  all  irregularity.  Short  inhalations 
of  2  ])er  cent,  invariably  abolished  it. 

The  experiment  chosen  to  exemplify  the  eii'ects  of  chloroform  upon  tiie 
undamaged  heart  is  illustrated  by  the  electrocardiograms  in  Fig.  4.  Tiie 
animal  was  anwsthctised  ^^  ith  2  per  cent,  vapour,  and  during  the  succeeding 
ten  minutes  the  strength  was  reduced  in  steps  to  1  per  cent..  The  heart 
beat  perfectly  regularly  on  this  percentage  for  five  minutes,  when  the  strength 
Avas  reduced  to  0-5  per  cent..  A  minute  or  so  later  the  electrocardiogram  and 
Hiirthle  curve  showed  marked  irregularity.  An  electrocardiogram  taken 
at  this  stage  presented  a  tachycardia  at  the  rate  of  280  per  minute  and  of  tiie 
type  seen  in  Fig.  4,  VI  ;  tlae  actual  curve  is  not  published.  The  second 
electrocardiogram  was  taken  approximately  five  minutes  after  the  inhalation 
of  0-5  per  cent,  vapour  commenced  and  is  slioMii  in  Fig.  4,  /.  The  curve 
demonstrates  a  regular  bigeminy  of  the  heart,  due  to  premature  contractions, 
such  as  are  olitaincd  on  excitation  of  the  apical  or  left  portions  of  tiic  ventri- 
cular musculature.  The  sequential  beats  are  represented  by  the  usual 
summits,  P,  R  and  T,  and  each  cycle  of  this  form  is  followed  by  an  anomalous 
complex  of  w  hich  the  first  deviation  is  in  the  apex-negative,  the  second  in  tiie 
base-negative  direction.  The  sequential  auricular  contraction,  {!')  to  which 
there  is  no  ventricular  response,  falls  with  the  anonuilous  complex  anil  is 
readily   identified   in   the   curve. 

The  animal  was  next  placed  upon  1  j)cr  cent,  vaiioiu'  and  after  live 
minutes  had  elapsed.  Fig.  4,  //  was  olitaincd.  The  curve  shows  the  regular 
occurrence  of  a  jiremature  ventricular  contraction  after  each  second  normal 
or  setpiential  cycle.  It  is  to  be  noted  that  the  type  of  anomalous  ventri- 
cular complex  has  changed,  but  that  it  is  still  complicated  by  the  sequential 
/'  summit  which  falls  at  or  near  its  commencement.  Fig.  4,  ///  was 
obtained  sonu'  five  to  six  minutes  later  and  subsequent  to  the  reduction 
of  the  strength  of  vapour  to  0-5  per  cent..  The  simultaneous  Hiirthle  curve 
is  shown  in  Fig.  1,  and  the  corresjjonding  beats  in  the  U\o  curves  are  lumi- 
bered.  A  bigeminy  is  present  in  that  part  of  the  tracing  covered  by  the 
signal  marks,  and  it  is  brought  about  by  prcnuiture  ventricular  contractions. 
The  normal  cycles  {P,  R  and  T)  are  followed  I)y  anomalous  comjilexes  and 
these  are  alternately  of  the  types  seen  in  Fig.  4,  /  and  //. 

A  few  minutes  ela]ised  and  the  jiercentage  was  changed  to  0-8  per  cent.  ; 
a  little  later  tiie  heart  showed  a  trigeminy  (Fig.  4.  /  T').  Premature  con- 
tractions are  shown  in  this  tigure  after  each  second  normal  cycle.  The 
corresponding  ventricular  com]>lexes  are  of  a  third  type,  and  consist  of  first 
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Fic-  1-  A  Hiiiilile  iiiiininiictcr  t-urvc  troui  tlic  carotkl  ul  ii  I'at  uiuler  U-.">  nor  cent,  oliloroform 
x'rtpour.  The  arterial  curve  shows  an  irreguhirit\'  thie  to  the  jireseiiee  of  premature  contrac- 
tions. A  portion  of  the  curve,  corresponding  to  tlie  signal,  lias  its  beats  numbered  ;  the 
same  boats  are  numbered  in  the  simultaneous  electrocardiogram  shown  in  Fig.  i.  III.  The 
time  is  in  1-S  sec. 


Fig.  2.  .A  Hiirtlile  manometer  ciir\c  from  tlic  same  animal,  under  1'  per  cent,  chloroform  vapour 
The  arterial  |)ulse  curve  is  regular:  the  blood  pressure  has  fallen.  A  imrlion  of  tlie  curve 
corres|)onding  to  the  signal  has  its  beats  munbered  ;  tiie  same  beats  are  numbered  in  the 
simultaneous  electrocardiogram  shown  in  Fig.  4,    V.     The  time  is  in   1-S  sec. 


Fig  3.  A  Hiirtlile  manometer  curve  from  the  same  animal,  under  ll-."i  percent,  chloroform  vapour. 
The  arterial  curve  shows  a  number  of  rapid  and  almost  regular  beats,  except  towards  the 
end  where  a  pause  occurs.  Note  the  high  blood  piressure  as  compared  to  Fig.  2.  A  portion 
of  the  cur\e  corresjionding  to  the  signal  has  its  beats  numbered  ;  the  same  beats  are  num- 
bered in  the  simultaneous  electrocardiogram  shown  in  Fig.  4.    I'/.     The  time  is  in  l-i<  sec 
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tall  base-negative  summits  and  secondly  apt-x-ncgative  summits  ;  they 
conform  in  type  to  the  anomalous  complexes  obtained  upon  stimulation  of  the 
basal  or  right  portions  of  the  ventricular  musculature. 

Wc  need  not  concern  ourselves  with  the  accurate  localisation  of  the 
origin  of  these  beats  ;  it  is  sufficient  to  emphasise  the  fact  that  each  re- 
presents the  origin  of  a  ventricular  contraction  from  a  separate  and  fixed 
]H)int  (n-  area,  and  that  while  in  some  curves  the  irregularity  is  due  to  new 
imi)ulse  formation  from  a  single  point  or  area  (Fig.  4,  //),  in  others  two 
centres  are  active  (Fig.  4,  ///). 

The  animal  was  placed  upon  2  per  cent,  vapour  and  after  the  lapse  of  a 
few  minutes  the  heart  became  perfectly  and  continuously  regular.  The 
mechanism  is  shown  in  Fig.  2  and  4,  V,  curves  which  were  taken  simul- 
taneously. It  is  to  be  observed  that  the  blood  pressure  had  fallen  somewhat 
witli  the  rise  in  the  percentage  of  vapour  ;  tlie  heart  rate  shown  in  the  figure 
is  122  per  minute.  At  the  termination  of  this  observation  0-5  per  cent,  was 
again  administered  and  the  simultaneous  curves  shown  in  Fig.  3  and  4,  VI 
were  obtained.  The  mechanism  dei)icted  in  the.se  figures,  or  a  very  similar 
mechanism,  is  extremely  common  upon  the  lighter  percentages,  and  its 
analysis  is  aided  by  comparison  with  the  other  curves  taken  from  the  same 
animals.  It  consists  of  a  rapid  tachycardia  of  ventricular  origin  and  is 
composed  of  beats  which  are  placed  at  approximately  regular  intervals. 
The  point  of  origin  of  the  beats  shown  in  Fig.  4,  V I  is  variable  and  a  com- 
parison with  Fig.  4,  /,  //,  and  /  V  shows  that  the  new  impulses  are  derived 
from  areas  which  were  previously  active.  Beats  from  three  or  more  centres 
occur  in  haphazard  sequence  and  follow  each  other  at  a  rate  of  232  per 
minute  ;  no  trace  of  auricular  summits  is  to  be  found.  It  is  probable  that, 
w  ith  the  establishment  of  the  continuous  tachycardia,  the  auricle  is  responding 
to  ventricle  and  that  the  associated  electric  complexes  approach  the  iso- 
electric state. 

The  Hiirthle  curve  corresponding  to  this  electrocardiogram  is  of  peculiar 
interest,  for  it  is,  with  the  exception  of  the  single  long  pause  towards  its 
termination,  a  regular  and  rapid  pulse  curve,  in  which  the  excursion  of  tlu^ 
several  beats  is  aj^proximately  constant.  Certainly  the  slight  fluctuations 
seen  are  exaggerated  when  recorded  by  the  mercury  manometer,  but  the 
tracing  as  it  appears  in  Fig.  3  might  be  readily  mistaken,  in  the  absence  of 
other  evidence,  for  that  of  a  rapid  and  regular  heart  action  of  normal  origin. 
The  electrocardiogram,  however,  reveals  the  true  nature  of  the  condition  ;  no 
single  beat  of  sinus  origin  is  present,  but  the  mechanism  is  constituted  by  an 
ectopic  rhythm  generated  in  a  number  of  ventricular  foci.  The  importance 
of  this  conclusion  is  more  evident  when  it  is  remembered  that  no  a  priori 
conclusions  can  be  drawn  in  regard  to  the  innervation  of  these  new  centres 
of  impulse  production.  The  approximate  regularity  of  the  tachycardia 
seems  to  be  due  to  the  appearance  of  a  new  contraction  almost  immediately 
at  the  cessation  of  the  refractory  period  of  the  contraction  w  hich  precedes  it 
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Transitions  l)etAveen  the  simpler  forms  of  irregularity  shown  in  Fig. 
4,  /-/  V  and  the  tachycardia  of  Fig.  4,  VI  are  common,  and  a  single 
example  which  is  taken  from  a  sei^arate  experiment  is  shown  in  Fig.  5,  the 
corresponding  Hiirthle  curves  as  before  being  ajiproximately  regular.  The 
auricular  representatives  are  easily  distinguished  throughout  the  whole  of 
this  stri]),  but  only  a  sohtary  normal  cycle  (P,  R  and  T)  is  jiresent.  The 
premature  contractions  are  coming  from  a  number  of  separate  ventricular 
foci. 

A  very  curious  type  of  tachycardia  has  been  seen  on  several  occasions 
and  is  illustrated  by  Fig.  0.  It  is  a  perfectly  regular  tachycardia  generated 
from  two  sejiarate  ventricular  foci,  and  the  beats  from  one  and  the  other 
focus  occur  alternately  and  follow  each  other  at  a  rate  of  312  per  minute. 
In  the  corresponding  Hiirthle  curves,  the  presence  of  two  types  of  beat  is 
recognisable  only  upon  the  very  closest  examination.  The  ventricular 
comiilexes  of  the  beats  follow  each  other  so  rapidly  that  each  apjicars  to 
start  before  the  completion  of  the  preceding  one,  and  as  a  result  the  quick 
opening  phases,  some  of  which  arc  directed  upwards  and  some  of  which  are 
directed  downwards,  do  not  start  from  the  same  abscissa.  The  explanation 
of  the  absence  of  return  of  the  string  to  the  isoelectric  position  before  the 
occurrence  of  each  new  contraction  is  not  apparent. 

Tht  c/fccl  uf  amull  duaen  of  adrenalin  upon  t/ic  heart  under  the  influenec  of  low 
tensions  of  chloroform  vapour. 

In  the  first  instance,  it  will  be  convenient  to  describe  the  result  of 
injecting  adrenalin,  when  the  cat  is  under  the  full  influence  of  chloroform  ; 
the  sequence  of  events  is  similar  to  that  described  in  the  following  typical 
experiment.  An  animal  was  ana?sthetised  with  chloroform  of  2  per  cent, 
strength,  which  «as  gradually  reduced  to  1-5  per  cent..  Thirty-one  minute.s 
from  the  commencement  of  the  experiment,  the  ansesthcsia  was  well  es- 
tablished at  this  percentage  ;  a  faint  corneal  reflex  was  present,  and  the 
heart  beat  regularly  at  a  rate  of  160  per  minute  ;  the  mean  blood  pressure 
was  low,  namely,  03  mm,  Hg..  Under  these  conditions,  0065  milhgrammes 
of  adrenalin  chloride  were  injected  intravenously.  Approximately  twenty 
seconds  after  the  injection  irregularities  commenced  to  show  themselves  in  the 
electrocardiogram,  the  first  premature  beat  being  an  accompaniment  of  the 
rise  of  blood  pressure,  which  had  at  this  point  reached  a  height  of  90  mm.. 
The  premature  ventricular  contractions  became  more  numerous  as  the  pres- 
sure rose  to  100  mm.  and  irregular  mechanisms  were  encountered,  which 
were  similar  to  those  previously  described  as  occurring  under  the  influence 
of  light  chloroform  anfesthesia    alone,  (cp.  Fig.  4,    I  /,  and  Fig.  5*).     The 


*  The  similar  mechanisms  dcscrihcd  by  Kahn'   wore    obtained    in  dogs  deeply  anaesthetised 
by  a  mixture  of  chloroform  and  ether.     (Communication  by  letter). 
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blood  pressure  having  reached  a  maximum  of  120  mm.,  the  heart,  (34  seconds 
from  the  time  of  injection,  settled  down  into  a  regular  tachycardia  from  a 
single  point,  ])robably  located  in  the  left  or  apical  portions  of  the  ventricular 
musculature.  One  minute  later,  the  blood  pressure  had  fallen  to  105  mm., 
and  the  heart  was  beating  at  a  regular  rate  of  210  per  minute,  and  its 
mechanism  was  normal. 

When  the  animal  is  under  low  percentages  of  chloroform  vapour,  the 
injection  of  adrenalin  is  followed  by  results  which  are  far  more  profound 
than  those  obtained  in  animals  under  the  higher  jiercentages.  It  may  be 
that,  when  the  injection  is  administered,  the  heart  is  pi-esenting  the  irregu- 
larities commonly  found  under  light  anaesthesia,  oi-  it  may  be  that  it  is 
beating  regularly  ;  but  independently  of  its  initial  condition,  and  provided 
that  the  anaesthesia  is  light,  the  injection  of  OOKJ  milligrammes  or  more 
of  adrenalin  chloride  is  followed  by  the  appearance  of  multiple  premature 
ventricular  contractions,  and  finally  the  disorder  of  the  mechanism  culminates 
in  fibrillation.  This  sequence  of  events  is  exemplified  in  the  following 
description  of  the  result  of  a  second  injection  of  adrenalin  into  the  sanio 
animal,  which  ^^as  the  subject  of  the  experiment  already  recorded. 

At  the  conclusion  of  the  previous  observation,  the  percentage  was 
reduced  to  0-5  per  cent.,  and  the  injection  of  00(55  milligrammes  of  adrenalin 
cliloride  was  given  fourteen  minutes  later.  At  the  moment  of  injection 
the  blood  pressure  was  loO  mm.  Hg.,  and  the  ]iulse  rate  277  jier  minute,  the 
mechanism  of  the  heart  beat  ])eing  one  of  alternate  beats  generated  in  two 
sejiarate  ventricular  foci,  and  the  curves  being  similar  to  those  shown  in 
Fig.  (i.  This  mechanism  continued  for  seventeen  seconds,  and  at  the  end 
of  this  time,  the  blood  pressure  measured  145  mm..  The  mechanism  of 
the  heart  then  suddenly  changed  to  one  in  which  l)eats  from  a  number  of 
foci  followed  each  other  at  a  rate  of  2.30  jjer  minute,  and  this  continueil  for 
a  ]>eriod  of  two  seconds,  the  blood  pressure  rising  abi'uptly  at  the  same  time 
to  ISO  mm..     At  tlie  conclusion  of  this  ])eriod,  the  ventriiles  filnillatcd. 

In  another  instance  in  \\  hich  the  same  quantity  of  adrenalin  was  injected 
under  0-5  per  cent,  chloroform,  the  heart  at  first  beat  quite  regularly  at  a 
late  of  120  ])er  minute,  it  then  passed  suddenly  into  a  condition  of  irregular 
tachycardia,  generated  in  multiple  ventricular  foci.  This  lasted  for  seven- 
teen seconds  and  terminated  in  ventricular  fibrillation.  The  latter  part  of 
the  tachycardia  and  its  passage  into  fibrillation  is  shown  in  Fig.  7. 
■^  As  a  rule  the  onset  of  ventricular  filnillation  terminates  the  experiment, 

for  the  ventricles  fail  to  recover  from  it  ;  but  com])lete  recovery  from 
fibrillation  lasting  three  seconds  has  been  seen  in  one  animal.  From  a 
number  of  kymogia})h  tracings  in  our  possession,  it  is  obvious  that  permanent 
recovery  from  well  established  fibrillation  is  a  rare  event  in  thecal.  In  the 
above  mentioned  instance,  a  further  injection  under  0-5  per  cent,  vapour 
cau.sed  fibrillation,  from  which  there  was  a  tem])orary  recovery,  lasting  some 
six  seconds,  the  heart  passing  again  into  fibrillation,  which,  on  this  occasion, 
persisted. 
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When  there  is  recovery  from  fibrillation,  the  mechanism  at  the  offset 
is  similar  to  that  seen  at  the  onset  ;  tachycardias  of  the  several  forms  des- 
cribed are  present.  The  normal  sequence  is  re-established  with  the  ad- 
ministration of  higher  jiercentages  of  chloroform. 

Briefly,  the  irregularities  produced  by  adrenalin  in  small  doses,  when  the 
animal  is  under  high  percentages  of  chloroform,  are  of  the  same  nature  as  the 
irregularities  produced  by  low  jiercentages  of  chloroform  alone  ;  whilst 
small  doses  of  adrenalin  in  the  presence  of  low  tensions  of  chloroform  ultim- 
ately produce  the  highest  grade  of  disorder,  which  is  known  to  effect  the 
ventricle,  namely,  fibrillation. 

The  electrocardiographic  curve  corresponding  to  ventricular  fibrillation 
has  been  incidentally  referred  to  by  Kahn  ^  and  also  by  Jolly  and  Ritchie.  ^ 
WTien  the  ventricle  first  passes  into  so-called  fibrillation,  its  tone  is  increased, 
the  visible  movements  are  very  active,  and  the  oscillations  are  almost, 
but  not  quite,  regular  at  a  rate  of  400  to  800  per  minute.  During  this  stage, 
a  series  of  conspicuous  and  slow  undulations  usually  occurs  in  the  record, 
and  this  is  well  seen  in  Fig.  8.  The  curve  as  a  whole  shows  a  waxing  and 
w  aning  in  the  excursion  of  the  o.scillations  at  a  rate  of  about  50-60  cycles  per 
minute.  The  slow  undulations  are  apparently  associated  with  waves  of 
tone  change  in  the  muscle,  probably  similar  to  the  peristaltic  waves  spoken  of 
by  Mc William.'  This  stage  of  fibrillation,  from  which  recovery  is  evidently 
possible  in  the  cat,  gradually  gives  place  to  a  second  condition  in  which  the 
ventricle  becomes  more  distended  and  in  which  the  slow  undulations  are 
absent  or  incon.spicuous,  and  in  which  the  rapid  oscillations  occur  at  a 
slower  rate  (300-360  per  minute)  and  in  a  far  more  irregular  fashion.  This 
mechanism,  from  which  recovery  has  not  been  observed,  is  shown  in  Fig.  !>. 
Similar  appearances  were  seen  by  one  of  us  in  a  series  of  experiments  upon 
obstruction  of  the  coronary  arteries,  experiments  which  frequently  terminate 
in  ventricular  fibrillation,  and  similai'  changes  have  been  noted  also  where 
fibrillation  has  been  induced  by  faradic  stimulation.  Tlie  change  from  one 
type  of  fibrillation  curve  to  the  other,  therefore,  is  not  confined  to  experiments 
under  chloroform  and  adrenalin  ;  further,  by  whichever  of  these  means 
fibrillation  is  induced,  it  is  preceded  by  tachycardia  of  ventricular  origin. 

DlSCFS.'^TON. 

The  hearts  of  cats,  influenced  by  low  tensions  of  chloroform  vapour 
alone,  or  by  adrenalin  in  the  presence  of  high  percentages  of  chloroform, 
exhibit  disorders  of  mechanism  of  a  very  definite  type.  .So  far  as  our  ob- 
servations are  concerned,  the  disturbances  result  purely  from  the  production 
of  new  impulses  in  the  ventricles.  The  nature  of  these  imjmlses  has  been 
fully  di.scussed  by  one  of  us  in  a  recent  publication,  ®  and  the  beats  have 
been  termed  helerogeneUc  on  account  of  the  short  pauses  which  precede  them 
and  because  they  do  not  appear  to  stand  as  essential  integers  in  a  rhythmic 
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series  of  beats.  Interpreting  the  events,  in  tlie  light  of  the  hypothesis  put 
forward,  we  may  state  that  tlie  iireguhirities  resulting  from  ehloroform 
administration,  are  the  outcome  of  an  ever  increasing  tendency  towards  the 
production  of  heterogenetic  l)cats  ;  at  first  isolated  and  generated  from  a 
single  foci,  these  beats  subseiiuently  become  more  numerous,  and  arise  from 
several  foci  ;  eventually  the  rhythm  of  the  ventricle  is  entirely  dominated 
by  impulses  of  this  nature,  and  immediately  prior  to  the  onset  of  the  final 
inco-ordination  in  the  adrenalin  experiments,  a  number  of  foci  are  active. 
Final  fibrillation  can  only  I>c  regarded  as  a  further  step  in  the  train  of  events  ; 
it  is  believed  that  it  results  from  the  activity  of  a  number  of  new  foci  of 
pathological  or  heterogenetic  impulse  formation,  and  that  a  grade  of  inco- 
ordination is  produced  in  the  ventricular  musculature,  such  as  precludes 
the  output  of  blood  from  the  organ  and  brings  the  circulation  to  a  speedy 
standstill. 

Chloroform  in  low  percentages  produces  an  enhanced  irritability  of  the 
ventricle,  a  condition  in  which  there  is  a  wides)iread  discharge  of  pathological 
impulses  from  the  musculature,  or  a  condition  in  wliich  there  is  a  tendency 
to  such  discharges.  A  further  interference,  such  as  is  brought  about  by 
adrenalin  injection,  is  followed  by  the  highest  grade  of  ventricular  disorder, 
i.e.  fibrillation,  and  death  results.  The  method  in  which  the  adrenalin 
acts  on  hearts,  whether,  for  instance,  by  directly  affecting  the  heart  muscle  or 
indirectly  through  its  pressor  action,  is  not  a  matter  which  concerns  the 
jiresent  investigation,  and  cannot  be  discus.sed  here.  It  is  apparent,  however, 
from  the  foregoing  considerations  that  the  heart  under  low  tensions  of 
chloroform  vapour  may  be  in  a  condition  « Inch  is  the  immediate  antecedent 
of  ventricular  fil)rillation.  This  is  obviously  a  matter  of  important  cfinical 
interest  in  relation  to  the  causation  of  sudden  death  under  chloroform 
anaesthesia. 

The  experiments  arc  also  of  interest  in  tiiat  they  help  to  elucidate  the 
pathology  of  ventricular  flbiiilatidii.  They  appear  to  confirm  the  su])position 
that  this  disorder  of  the  musculature  results  from  the  generation  of  hetero- 
genetic or  ]iathol(^gical  im]nilses  from  a  number  of  foci  in  the  chamlier  itself. 
The  tachycardias  observed  under  low  tension  chloroform  vapour  are  of 
importance  ;  they  are  of  purely  ventricular  origin,  and  cannot  be  ascribed 
to  any  central  nervous  disturbance.  They  illustrate  the  value  of  the  electro- 
cardiographic method,  for  in  the  al)scntc  of  records  of  this  nature,  the  heart 
mechanism  might  be  and  jirobably  has  been  mistaken  for  a  normal  or 
sequential  one  ;  and  the  acceleration  of  heait  rate  might  be  readily  ascrilied 
to  altered  innervation.  It  is  neccssaiv  to  em])hasise  tlie  danger  of  serious 
fallacy  when  conclusions  are  drawn  from  sudden  accelerations  or  retardations 
of  })ulse  rate  as  recorded  by  a  mercurial  or  membrane  manometer.  Mechani- 
cal records  of  this  kind  fail  to  ]irovide  the  experimenter  with  an  analysis 
of  the  heart  mechanism  and  the  changes  iu  rate  are  too  often  interpreted  as 
the  result  of  cential  nerve  intluences. 
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Conclusions. 

1.  Low  tensions  of  chloroform  vapour,  adniinistert'd  to  rats,  produce 
high  grades  of  irregularity  of  the  heart.  The  irregularities  are  due  to  the 
production  of  new  impulses  in  the  ventricular  musculature. 

2.  Small  intravenous  injections  of  adrenalin  chloride  produce,  under 
high  percentages  of  chloroform  vajiour.  a  condition  of  irrital)ility  in  the 
ventricle,  which  is  similar  to  that  observed  to  result  from  low  percentages 
of  chloroform  alone. 

3.  Low  tensions  of  chloroform  administered  to  cats  together  with  small 
intravenous  injections  of  adrenalin  chloride  ultimately  produce  tlie  highest 
grade  of  ventricular  disorder,  i.e..  ventiicidar  fibrillation. 

4.  Ventricular  filnillation  is  the  result  of  the  origin  of  impulses  at  a 
number  of  sejiarate  foci  in  the  ventricular  musculature. 

5.  The  irregular  and  raiml  heart  beat  referred  to  in  the  introduction 
of  this  paper  as  a  common  accompaniment  of  the  administration  of  low- 
percentages  of  chloroform,  and  as  a  precxirsor  of  isolated  instances  of  death 
from  ventricular  fibrillation  in  cats,  is  in  fact  a  transitional  stage  towards 
\  t'nlricular  fibrillation. 
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A    CASE    OF    COMPLETE    TRANSPOSITION    OF    THE    VISCERA, 
ASSOCIATED    WITH    MITRAL    STENOSIS  ;    INCLUDING    A    DES- 
CRIPTION   OF    THE    ELECTROCARDIOGRAPHIC    TRACINGS. 

By  SYDNEY  A.  OWEN. 

{From  the  City  of  London  Hospital). 

Complete  transposition  of  the  viscera  is  a  very  rare  condition.  Transposition 
associated  with  mitral  stenosis  is,  so  far  as  I  am  aware,  a  comliination  which 
has  not  been  observed  hitlierto.  Although  no  definite  etiological  factor 
can  be  traced,  which  can  be  held  responsible  for  the  mitral  stenosis  in  this 
case,  the  combination  of  the  two  conditions  is  regarded  as  a  matter  of  coin- 
cidence. 

I  am  much  indebted  to  Dr.  Thomas  Lewis  who  took  tlic  electro- 
cardiographic tracings  for  me,  and  who  has  given  me  the  benefit  of  his  wide 
experience  in  their  correct  interjiretation. 

Clinical  History. — The  patient,  an  unmarried  woman,  aged  28,  a  tailoress, 
sought  advice  at  the  Victoria  Park  Hospital  for  cough  without  expectoration, 
shortness  of  breath  and  palpitation  of  fourteen  days'  duration.  Beyond  an 
occasional  winter  cough,  she  definitely  asserts  that  she  has  never  suffered 
in  the  past  from  any  illness  of  sufficient  gravity  to  make  her  seek  medical 
advice.  There  is  no  history  in  childhood  of  i-heumatism  or  any  other 
acute  specific  illness.     Her  family  history  is  without  significance. 

Present  State. — She  is  an  ana?mic,  though  M-ell  nourished  woman,  whose 
aspect  in  other  respects  in  no  way  indicates  that  she  is  the  subject  of  well 
marked  mitral  stenosis.  The  heart's  maximum  apex  beat  is  situated  in  the 
fifth  right  interspace,  three  inches  from  the  mid-sternal  line.  There  is  a 
well  marked  apical  presystolic  thrill.  Pulsation  can  be  detected  close  to 
the  left  border  of  the  sternum  in  the  fourth  and  fifth  intercostal  spaces  and, 
to  a  less  extent,  in  the  epigastrium.  The  veins  at  the  root  of  the  neck  are 
not  unduly  prominent.  There  is  no  cyanosis  or  clubbing  of  the  fingers. 
The  radial  pulse  is  small  but  regular  in  force  and  rhythm.  The  left  border 
of  the  heart's  dulness,  as  mapped  out  by  moderate  percussion,  is  situated  a 
finger's  breadth  to  the  left  of  the  left  border  of  the  sternum.  The  right 
third  costal  cartilage  forms  the  upper  border  of  this  cardiac  dulness.  On 
auscultation  at  the  apex,  the  first  sound  presents  the  classical  characters 
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associated  with  mitral  stenosis.  In  addition  there  is  a  well  marked  pre- 
systolic and  a  short  systolic  bruit  with  an  imperfectly  reduphcated  second 
sound.  At  the  pulmonary  base  of  the  (transposed)  heart,  the  second  sound 
is  accentuated.  The  sounds  are  natural  at  the  aortic  base.  From  a 
consideration  of  the  symptoms  and  physical  signs,  it  would  appear  that  the 
mitral  stenotic  lesion  is  of  moderate  grade  and  that  the  heart  is  undilated. 

A  hver  dulness  with  normal  limits  can  be  mapped  out  on  the  left 
instead  of  on  the  right  side.  A  normal  stomach  note  can  be  elicited  on  the 
right  side.  The  spleen  cannot  be  felt,  but  is  percussed  on  the  right  side.  The 
urine  is  normal.  Pliysical  examination  reveals  no  organic  disease  in  the 
lungs,  abdomen  or  central  nervous  system. 


Electrocardiographic  examination. 

The  electrocardiographic  examination  of  patients  who  arc  the  subject 
of  complete  transposition  gives  results  which  are  readily  anticipated,  and  of 
which  this  case  serves  as  an  illustration.  The  heart,  its  several  chambers 
and  vessels,  is  placed  with  precisely  those  relationships  to  the  right  side  of 
the  body  which  it  usually  bears  to  the  left  side  of  the  body.  Its  long  axis 
runs  obhcpicly,  from  above  and  to  the  left,  downwards  and  to  the  right. 

The  usual  leads  adopted  by  Einthoven  for  the  normal  subject  are  (/) 
from  right  arm  (R.A.)  to  left  arm  (L.A.),  (//)  from  right  arm  to  left 
leg  (L.L.),  and  (///)  from  left  arm  to  left  leg.  The  appropriate  leads  in  the 
transposed  subject  are  necessarily  left  arm  to  right  arm,  left  arm  to  right 
leg,  and  right  arm  to  right  leg. 

The  appropriate  leads  (transposed  leads)  from  the  patient  here  considered 
are  shown  in  Fig.  1,  2  and  3.  Each  demonstrates  three  summits,  P,  R  and  T, 
directed  in  the  upward  or  base-negative  direction. 

Fig.  1  (L.A.  to  R.A.)  shows  a  prominent  P  summit,  as  does  also  Fig.  2, 
the  lead  from  L.A.  to  R.L.,  and  in  Fig.  3  (R.A.  to  R.L.),  P  shows  a  tendency 
to  bifurcate  ;  these  are  characters  which  are  in  accord  with  the  remaining 
physical  signs  of  mitral  stenosis.  Fig.  1  shows  a  small  Q  deviation  ;  Fig.  3 
shows  an  8  dip.  In  Fig.  1  i?  is  increased,  in  Fig.  3  i?  is  diminished  ;  ap- 
pearances consistent  with  hypertrophy  of  the  transposed  right  ventricle. 

Transposition  of  the  heart  is  readily  diagnosed,  and  is  diagnosed  with 
certainty  by  means  of  the  galvanometric  examination.  The  iisual  jnctures 
are  only  obtained  when  the  leads  are  transposed.  If  the  ordinary  (non-trans- 
posed leads)  are  adopted,  the  presence  of  transposition  is  manifested  by  the 
appearance  of  the  curves  in  lead  I  (R.A.  to  L.A.).  The  lead  is  a  direct 
reversal  of  the  appropriate  lead  (namely  L.A.  to  R.A.)  ;  the  curve  is  con- 
sequently upside  down  but  otherwise  unaltered.  Transposition  is  not  so 
evident  in  the  curves  obtained  by  leads  //  and  ///  ;  the  variations  P,  R 
and  T  are  directed  upwards  in  leads  //  and  ///  in  the  transposed  as  in 
the  normal  subject.     The  reason  for  this  is  obvious.     Lead  II  (R.A.  to  L.L.) 
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in  the  transposed  subject  gives  practically  the  same  curve  as  does  lead  /// 
(L.A.  to  L.L.)  in  the  normal  subject ;  for  a  lead  from  L.A.  to  L.L.  gives  a 
curve  almost  identical  with  L.A.  to  R.L.  in  one  and  the  same  patient  ;  the 
heart  lies  at  some  distance  from  the  junction  of  leg  to  trunk  and  the  utilisation 
of  right  or  left  leg  alters  the  relationship  of  lead  to  he  of  heart  but  little. 

Similarly  lead  III  (L.A.  to  L.L.)  in  the  transposed  subject  yields  a 
curve  which  is  similar  to  that  of  lead  //  (R.A.  to  L.L.)  in  the  normal  subject, 
for  the  latter  closely  corresjionds  to  a  lead  from  R.A.  to  R.L.. 

The  relationship  of  the  curves  obtained  by  means  of  several  leads  in  the 
normal  and  transposed  cases  may  be  expressed  in  tabular  form. 


OBMAL    SUnjEPT. 

TBANSrOSED    SUBJECT. 

R.A.   to  L.A. 

= 

L.A.  to  R.A. 

(load    /) 

(lead   /  transposed). 

R.A.   to  L.L.           ~ 

(approx.) 

L.A.   to  L.L. 

(lead   //). 

(load    ///). 

L.A.  to  L.L.            - 

(ap]>rox.) 

R.A.  to  L.L. 

(lead    ///). 

(load    //). 

In  1880,  two  cases  of  transposition  were  investigated  by  Waller,^ 
who  came  to  the  conclusion  that  the  usual  electric  relationshijis  are  reversed 
in  this  condition.  Quite  recently  Nicolai-  has  published  diagrams  of 
electrocardiograms  from  four  cases,  and  Hoke^  has  added  another  example, 
from  which  he  publishes  an  electrocardiogram.  Nicolai-  and  Hoke^ 
have  shown  that  in  leads  from  the  right  arm  to  loft  arm,  the  usual  picture 
is  completely  inverted. 
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VISCOSITY    OF    THE    BLOOD. 
By  W.  H.  AVELSH,  M.D. 

{Edinburgh). 

Clinical  work. 

Observations  upon  the  viscosity  of  the  blood  liave  been  comparatively 
neglected  in  this  country.  A  considerable  amount  of  work  has  been  carried 
out  on  the  continent  and  is  fully  detailed  in  the  medical  records.  Much  of 
the  work  has  been  done  with  defibrinated  blood  in  animals,  while  the  clinical 
testing  of  the  blood  viscosity  in  man  has  been  less  undertaken,  owing  to  the 
difficulty  of  keeping  the  unchanged  blood  fluid  when  drawn,  and  the  lack  of 
a  suitable  instrument  for  estimating  the  viscosity.  For  clinical  work  such 
an  instrument  must  be  portable,  must  be  readily  and  quickly  usable,  must 
require  only  a  small  quantity  of  blood,  and,  most  important  of  all,  must 
possess  means  of  maintaining  a  constant  and  known  temperature  and  pressure. 
In  these  two  last  essentials  many  of  the  instruments  fail.  Those  depending 
on  a  pressure-flask  with  mercurial  manometer,  or  other  such  means  of  supply- 
ing pressure,  are  quite  unsuited  for  any  work  outside  the  laboratory. 

Most  of  those  who  have  published  work  on  viscosity  have  devised  or 
modified  a  viscosimeter  to  suit  themselves  and  named  it  accordingly.  Of 
the  various  instruments,  that  devised  by  Determann^  best  fulfils  the  above 
recpiirements,  and  is  at  present  in  use  in  the  German  Hospital,  London. 
This  viscosimeter  has  been  tested  in  the  laboratory  against  accurate  physical 
instruments,  and  the  results  have  been  found  to  agree. 

My  own  investigations  on  the  viscosity  of  the  blood  have  been  made 
w  ith  Determann's^  instrument,  and  I  give  in  this  paper  the  results  obtained 
in  certain  of  my  groups  of  cases  ;  but  before  going  on  to  these  I  shall  shortly 
discuss  the  nature  of  viscosity  and  the  principle  of  the  instruments  used 
in  estimating  it. 

All  fluids  possess  the  property  of  viscosity  to  a  greater  or  less  degree, 
and  the  study  of  the  movement  of  fluids  has  been  occupying  the  attention  of 
physicists  since  early  in  the  19th  Century. 

As  this  property  of  fluids  is  well  brought  out  by  causing  them  to  flow 
through  capillary  tubes,  this  method  has  generally  been  employed  in 
estimating  the  viscosity. 

It  is  known  that  a  fluid,  which  wets  the  walls  of  a  tube  as  it  flows 
through  it,  moves  forward  in  concentric  layers.  The  outer  layer  next  the 
walls  of  the  tube  is  practically  stationary,  and  the  succeeding  layers  towards 
the  centre,  slide  one  on  another,  the  central  or  a.xial  stream  moving  most 
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rapidly.  The  resistance  to  its  onflow  is  then  due  to  the  friction  of  the 
layers  or  particles  of  the  fluid  on  one  another,  and  is  an  internal  friction. 
The  outer  friction  or  adhesion  to  the  wall  of  the  tube  does  not  come  into 
play  to  any  appreciable  extent  after  the  walls  are  wetted  by  the  fluid.  It  is 
to  Poiseuille'--  who  in  1843  published  results  of  his  reseaches  on  the  move- 
ment of  liquids  in  tubes  of  small  diameter,  that  we  owe  the  sound  basis  upon 
which  we  now  work.  His  experiments  were  very  accurately  carried  out  and 
they  have  since  been  proved  by  other  investigators  to  hold  good.  He 
worked  with  capillary  glass  tubes  of  a  diameter  varying  from  •139--632  mm., 
and  these  he  used  in  a  horizontal  position.  In  his  experiments  he  used 
defibrinated  ox-blood,  besides  other  fluids.  He  was  the  first  to  recognise 
the  important  influence  of  viscosity  upon  the  circulation,  and  he  considered 
it  chiefly  from  the  hemodynamic  point  of  view.  Poiseuille'--  worked  out 
a  formula  by  means  of  which  the  absolute  co-efReient  of  viscosity  of  a  liquitl 
may  be  calculated  from  the  quantity  flowing  through  a  tube  of  a  certain 
length  and  diameter,  under  a  certain  pressure,  and  in  unit  of  time.  The  lower 
the  viscosity  of  the  liquid  the  greater  is  the  quantity  ;  and  the  converse  holds 
good.     Poisueille's-'-  formula  is  thus  stated  : — 

HD4 

Q   =    quantity  of  liquid  flowing  out  in  unit  of  time. 

H   =  pressure. 

D   =   diameter  of  capillary. 

L   =   length  of  capillary. 

K  represents  the  absolute  co-efficient  of  viscosity  for  the  liquid  which 
is  being  tested  and  is  a  constant,  only  varying  with  the  liquid 
employed,  and  the  temperature.  Its  value  is  less  the  higher 
the  viscosity  of  the  licpiid,  and  vice  versa. 

This,  the  original  formula  of  Poiseuille,'--  by  which  one  obtains  the 
actual  co-efficient  of  any  licpiid,  is  not  used  in  studying  the  viscosity  of  the 
blood.  Instead,  the  simple  method  is  employed  of  comparing  the  flow- 
through  time  of  the  blood  with  that  of  distilled  water,  which  is  taken  as  a 
standard.  It  is  done  in  the  following  manner  :  the  time  of  flow  of  a 
certain  quantity  of  blood  through  a  capillary  tube,  under  a  certain  pre.ssure, 
is  compared  with  the  time  of  flow  of  an  equal  quantity  of  distilled  water, 
through  the  same  capillary  tube,  under  the  same  pressure  and  at  the  same 
temperature. 

The  flow-through  time  of  the  blood  is  divided  by  that  of  distilled  water  ; 
and  the  result  gives  the  relative  co-efticient  of  viscosity  for  the  blood. 

\\'hen  a  glass  capillary  tube  in  the  vertical  position  is  used  and  gravity 
is  the  driving  force,  the  flow  through  time  of  a  certain  quantity  of  distilled 
water  is  determined  at  a  known  temperature  ;    then  a  similar  quantity  of 
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blood  is  allowed  to  flow  through  the  same  tube  at  the  same  temperature. 
As  already  shown,  one  has  now  merely  to  divide  the  time  of  flow  through 
of  the  blood  by  that  of  distilled  water,  and  the  result  gives  a  figure  represent- 
ing the  relative  co-efficient  of  viscosity  of  the  blood. 

The  instrument  used  in  the  present  work  has  been  Determann's^  in 
its  most  recently  modified  form. 

In  using  this  instrument  no  artificially  produced  pressure  is  employed  ; 
the  force  of  gravity  is  used  instead.  As  to  temperature,  that  of  20'^  C.  is 
maintained  during  the  experiment.  To  avoid  variations  in  this  temperature, 
a  glass  waterjacket  surrounds  the  viscosimeter.  This  glass  jacket  is  cylin- 
drical in  shape  and  tapers  at  both  ends  ;  it  is  about  8  inches  in  length  and 
2  inches  in  diameter.  The  oi^ening  at  each  end  is  closed  by  a  small  rubber- 
stopper  through  which  the  extremities  of  the  capillary  glass  viscosimeter 
protrude.  At  the  centre  of  the  jacket,  on  the  one  side,  is  an  oi^ening  with  a 
rubber-stojiper  through  which  a  thermometer  is  inserted  and  by  which  the 
temperature  of  the  water  is  taken  during  the  experiment ;  corresjDonding  to 
this  Oldening  there  is  on  the  other  side  of  the  jacket  a  short  attached  glass  rod, 
which  with  the  projection  of  the  thermometer,  supports  the  jacket  on  its 
stand  in  a  perj^endicular  position.  The  stand  consists  of  two  wooden  up- 
rights on  which  the  instrument,  thus  sujiported,  can  be  easily  inverted. 

The  viscosimeter  itself  consists  of  a  glass  capillary  tube  some  10  inches 
in  length  with  two  oval  shaped  dilatations  or  bulbs  of  equal  capacity  equi- 
distant about  2-J  inches  from  the  ends  of  the  tube. 

In  using  the  instrument  a  rubber  tube  is  slipped  on  to  one  end  of  the 
capillary,  and  the  blood  is  sucked  up  by  this  means  into  the  distal  bulb 
of  the  viscosimeter  to  fill  it  exactly.  It  requires  about  -2  c.c.  of  blood.  The 
instrument  is  then  jilaced  upon  its  stand  and  the  blood  allowed  to  flow 
through  the  capillary  tube  under  the  force  of  gravity. 

The.  time  of  flow  is  taken  exactly  by  means  of  a  stop  watch.  The 
instrument  is  reversed  and  the  process  repeated,  as  in  a  sand  glass.  The 
blood  is  kept  fluid  by  the  addition  of  a  small  granule  of  hirudin  placed  on  the 
skin  before  pricking  and  thus  dissolved  in  the  blood  immediately  it  appears 
after  the  stab.  The  experiment  does  not  require  to  be  hurriedly  carried 
out  and  the  exact  flow-through  time  of  the  blood  can  be  determined.  The 
first  flow-through  time  is  neglected  as  the  glass  walls  must  first  be  wetted  by 
the  blood  ;  on  the  succeeding  occasions  the  times  are  practicaUy  constant 
if  the  temperature  remains  constant.  The  time  for  distilled  water  has  first 
to  be  determined  by  testing  it  in  the  particular  instrument  employed.  As 
already  noted,  the  time  for  the  blood  is  divided  by  that  of  distiUed  water, 
and  the  result  gives  the  relative  co-efficient  of  viscosity  of  the  blood.  Previous 
to  the  use  of  the  viscosimeter  the  glass  jacket  is  fiUed  with  water  at  a  temper- 
ature of  20'^  C.  through  the  opening  for  the  thermometer.  If  the  temi^eraturo 
falls  below  this,  it  is  easily  raised  by  holding  the  instrument  in  the  hands  for 
a  short  time.  The  water  must  be  kept  mixed  by  moving  the  instrument 
to  give  a  correct  reading  of  the  temperature. 


BLOOD    VISCOSITY.  121 


Hirudin. 


A  great  advance  has  been  made  in  viscosity  testing  in  its  clinical  asjject, 
with  the  discovery  and  prejjaration  of  hirudin  in  dry  form. 

Hirudin,  or  leech-extract,  is  a  preparation  obtained  from  the  head  of 
leeches.  Haycraft^"  was  the  first  to  discover  (in  1884)  the  principle 
in  the  secretion  of  the  leech's  mouth  which  inhibited  the  coagulation  of  blood  ; 
while  Franz^i  was  the  first  to  obtain  the  substance  and  prepare  it  in 
solution.  It  was  injected  into  the  vein  in  common  salt  solution,  but  in  this 
form  is  not  suited  for  viscosity-tests,  as  the  addition  of  a  watery  solution 
alters  the  viscosity. 

It  is  now  prepared  in  dry  form  by  Sachsse  of  Leij^zig,  and  a  minute  granule 
(00002  gramme)  of  this  light  substance  is  sufticient  to  keep  1  c.c.  of  blood 
fluid  for  a  considerable  time.  Bodong  and  Caposi'^  have  shown  (by 
exjieriment)  that  the  hirudin  does  not  in  any  way  alter  the  physical  properties 
of  the  blood,  but  only  prevents  coagulation.  It  is  sujjjjosed  to  neutralise  the 
thrombin  or  fibrin  ferment,  according  to  Morawitz.-"  Mellanby,^*  who 
has  been  carrying  out  experiments  lately,  finds  that  hirudin  contains  both 
an  anti-thrombokinase  and  an  anti-ferment.  Detcrmann'^  found  that  the 
addition  of  hirudin  did  not  alter  the  viscosity  of  the  blood,  though  Bence^ 
and  others  consider  it  necessary  to  use  only  a  very  small  c^uantity,  as  it  is 
apt  to  cause  an  agglutination  and  sedimentation  of  the  corpuscles.  Caposi® 
stated  that  rouleaux  formation  was  prevented,  but  this  is  not  so. 

I  have  been  able  to  prove  in  a  very  satisfactory  manner  that  the  viscosity 
of  the  blood  is  not  altered  by  the  addition  of  hirudin.  This  was  in  a  case 
of  haemophiha,  where  the  long  coagulation  time  of  the  blood  enabled  me 
to  carry  out  the  experiment  without  hirudin.  The  result  obtained  was 
exactly  the  same  as  when  using  hirudin. 

Viscosity     6'108  without  hirudin. 
Viscosity     6-108  with  addition  of  hirudin. 


Normal  cases. 

In  order  to  have  a  standard  for  comparison,  the  first  investigations  were 
carried  out  in  healthy  individuals.  Between  sixty  and  seventy  observa- 
tions were  made  in  these  normal  cases,  of  which  about  two-thirds  were 
males  and  one-third  females.  These  showed  a  wide  range  of  variation  in 
viscosity,  from  4-74  to  G02.  Individual  cases,  however,  showed  very  little 
variation  as  taken  at  various  intervals. 

Tho  average  in   males  worked  out  at  5'42. 
,,  females         ,,  ,,        5-12. 


The  figures  given  by  Determann  *  arc  as  follows  ;- 

The  average  in    males,        4w'JS. 
,,  ,,  females,     4-51G. 
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Other  writers  who  do  not  differentiate  between  males  and  females  but 

give  the  average  for  all  normal  cases,  are  : — 

Bence  ^  (average)         5-4 
Oswald  ■-'        „  5-4. 

Hirsfli  and  Beck  "  (average)  5.1. 
Hess  '*  (average)  4-o. 

I  believe  the  figures  in  normal  cases  dejiend  to  some  extent  on  the  class 
of  case  investigated,  whether  hospital  patients,  in  whom,  of  course,  there 
is  no  illness  to  affect  the  condition  of  the  blood,  or  healthy  students  and  such 
as  they.  In  men  who  have  gone  in  for  severe  exercise,  in  the  form  of  athletics 
for  instance,  I  found  a  blood  count,  well  over  the  figures  cited  as  normal, 
generally  5,800,000  to  6,000,000  red  cells  per  c.cm..  These  cases  of  athletes 
also  showed  a  high  viscosity,  about  5-8  on  an  average. 

The  blood  count  in  healthy  j^cople  is  very  frequently  over  5  millions, 
and  I  consider  that  figure  a  low  estimate  of  the  normal  red  blood  count. 

Cyayiosis. 

I  have  groujjed  together  cases  showing  well  marked  cyanosis  from 
whatever  cause,  the  greater  proportion  being  due,  however,  to  heart  disease. 
These  cases  show  exceedingly  high  values,  much  higher  than  any  others 
which  I  have  investigated.  The  case  of  Mrs.  B.,  in  whom  the  viscosity  was 
20-5,  was  one  of  mitral  incompetence,  with  dilatation  and  venous  stasis.  A  very 
high  blood  count,  over  10  million,  was  also  present.  The  degree  of  cyanosis 
was  excessive.  It  required  a  deep  stab  to  obtain  the  blood  from  the  ear  lobe, 
and  the  flow  was  slow,  the  blood  appearing  very  thick  and  dark  in  colour. 

The  correctness  of  such  high  values  as  are  given  in  the  table  below  is 
disputed  by  Hess,i*  who  considers  that  the  use  of  hirudin  introduces 
error  through  sedimentation  of  the  corpuscles,  and  more  especially  in  cases 
where  the  viscosity  is  excei3tionally  high.  I  do  not  believe  the  hirudin  to  be 
the  cause,  for  reasons  stated  in  the  last  section  and  because  the  auto-aggluti- 
nation of  the  corpuscles  with  separation  of  the  plasma,  which  takes  place  in 
many  bloods,  occurs  without  the  addition  of  hirudin  :  nor  is  it  confied  to 
blood  of  high  viscosity,  as  in  several  cases  where  this  phenomenon  was  well 
seen,  the  viscosity  was  low.  The  explanation  is  rather  to  be  looked  for  in  the 
fact  that  in  these  cases  of  cyanosis  there  is  always  a  large  increase  in  the 
number  of  the  red  corjjuscles,  and  then  the  diameter  of  the  capillary  becomes 
a  factor,  the  crowding  corpuscles  adhering  together  and  tending  to  retard 
the  flow  through  the  tube  of  the  viscosimeter. 

Denning  and  Watson'  have  given  this  explanation,  but  the  experi- 
ments of  du  Bois  Raymond,  Brodie  and  MuUer^  go  to  jirove  that,  in  any 
case,  this  high  viscosity  as  demonstrated  in  glass  capillaries  is  of  imjiortance. 
They  experimented  with  capillaries  of  the  body  and  found  that  much  the 
same  differences  occurred  with  an  increased  number  of  corpuscles,  as  occurred 
in  the  glass  capillaries. 

The  increase  of  the  carbonic  acid  content  of  the  blood  in  these  cases 
has  to  be  taken  into  account.     The  effect  of  carbonic  acid  on  the  corpuscles 
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and  on  the  viscosity  has  occupied  the  attention  of  several  observers.  The 
fact  that  the  carbonic  acid  passed  through  the  blood,  alters  the  size  and  shape 
of  the  corpuscles,  is  known  from  the  experiments  of  Haro  and  Ewald,* 
Hamburger,^-  Koeppe,^"  and  others.  The  corpuscles  are  found  to 
swell,  losing  their  biconcave  shape  and  becoming  more  globular,  under  the 
influence  of  C02.  This  is  explained  as  follows  : — \\Tien  C02  is  bubbled 
through  the  blood  H2  COS  is  formed.  The  carbonic  acid  attacks  the  alkali 
in  the  protein  molecules  and  forms  K2  COS  and  water.  More  of  this  salt 
is  formed  in  the  corpuscles  than  in  the  plasma,  because  the  corjiuscles  contain 
more  alkali  holding  proteins.  Consequently  the  osmotic  pressure  within  the 
corpuscles  is  increased,  water  enters  from  the  plasma,  and  the  corpuscles 
swell.  The  interchange  also  results  in  a  concentrating  of  the  jilasma,  but  the 
chief  factor  is  the  increased  volume  of  the  corpuscles.  All  observers  seem 
to  agree  as  to  the  increased  viscosity  in  cases  of  cyanosis. 

The  following  table  outlines  the  viscosity  values  which  I  have  obtained 
in  cases  showing  cyanosis. 

Red  Blood  White  Blood  H.iEMO-     Vls- 
Case.       .\ge.   Corpuscles.  Corpuscles  olobin.    cositv.  Rem-^rks. 

Mrs.  B.      f.,40     10,020,000  —  —  20-o      JlitraUliscase  with  oedema.      Deeply 

,  cyanoscd.    Died  a  few  days  later. 

Mrs.  W.     f.  0,730,000  —  —  15-85    Mitral    disease.    Very    ill.     Extreme 

degree  of  cyanosis. 
J.   H.         m.,47     0,100,000  —  105%  7-G7    Aneurism   pressing   on   trachea. Well 

marked  cyanosis. 
E.   H.        f.,    0       0,300,000  11,000         110"u  7-3S    Congenitallieart  case.  Cyanosis  fairly 

well  marked. 
G.   D.         m.,  10    0,230,000  —  105%  6-27    Mitral  valvular  disease.  Slight  degree 

of  cvanosis. 
C.   M.         m.  0,770,000  —  125%  S-23    Mitral'diseaso  :   attacks  of  dyspnoea 

Well  marked  cyanosis. 
J.  M.         m.,  19    5,300,000  —  —  6-74    Mitral  disease.     Moderate  degree  of 


cyanosis. 


Heart  cases. 


In  the  following  hst  I  give  results  obtained  in  cases  exhibiting  various 
valvular  lesions  of  the  heart,  in  which  cyanosis  was  absent  or  was  not  a 
prominent  feature.  In  some  the  heart  lesions  were  slight  and  gave  rise  to  few 
general  symptoms  ;  in  others  a  certain  degree  of  cyanosis  and  oedema  was 
present.  In  themselves  these  heart  lesions  cannot  be  expected  to  alter  the 
viscosity  directly,  but  indirectly  they  may  do  so,  in  so  far  as  they  may 
cause  an  alteration  in  the  blood,  such  as  an  increase  in  the  C02  content,  or 
in  the  number  of  the  red  cells.  With  one  exception  the  heart  cases  showed 
raised  viscosity  values.  Of  the  two  cases,  which  showed  no  cyanosis,  one 
had  a  somewhat  increased  and  the  other  a  lowered  viscosity.  In  the  case  of  the 
child  with  a  congenital  heart  lesion,  there  was  a  systolic  bruit  in  the  pulmonary 
area  with  c3'anosis  and  clubbing  of  the  fingers.     The  blood  pressure  was  lo\\  . 

The  mitral  stenosis  case  showed  a  markedly  irregular  pulse,  though 
the  presystolic  murmur  and  thrill  were  distinctly  present. 

Bachmann^  stated  that  he  obtained  no  striking  difference  in  heart 
cases,  compensated  or  otherwise.     This  is  remarkable  in  view  of  the  values 
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I  have  obtained.  Unless,  as  I  have  alread  said,  there  is  resulting  cyanosis 
or  polycythemia  from  the  heart  lesion,  there  can  be  no  reason  for  an  alteration 
in  the  viscosity  of  the  blood. 

Bachmann's-  cases,  where  the  viscosity  remained  normal  while  the  patient 
was  kept  in  bed,  but  became  raised  when  the  patient  was  allowed  up,  bear  this 
out,  as  there  would  then  be  greater  hkehhood  of  dilatation  and  venous  stasis. 

The  results  of  Determann's^  researches  on  viscosity  in  high  climates 
are  very  important  as  regards  heart  cases.  The  great  increase  which  he 
proves  to  take  place  in  the  viscosity  of  the  blood  at  high  altitudes,  must  of 
course  be  a  source  of  danger  in  cases  where  there  is  heart  weakness,  because 
of  the  greater  ditiiculty  and  increase  of  work  experienced  by  the  heart  in 
driving  the  more  viscous  blood  through  the  capillary  circulation.  There  can 
be  no  question  but  that  blood  of  high  viscosity  recjuires  more  driving  power  to 
force  it  through  the  capillaries  than  does  blood  of  lower  viscosity,*  and  that 
the  dilating  or  contracting  of  the  arterioles  does  not  alter  this  fact,  although  it 
may  partly  comjaensate  for  it. 

The  fact  that  only  a  relatively  small  proportion  of  the  capillary  circulation 
is  in  use  when  the  body  is  at  rest,  and  that  the  remaining  area  can  be  called 
upon  when  necessary,  as  in  cases  of  violent  exercise,  does  not  ehminate 
the  effect  of  the  higher  viscosity,  as  the  increased  resistance  due  to  it  still 
conies  into  play  in  all  this  area  of  capillary  network.  It  is  difficult  to  estimate 
to  what  extent  the  variations  of  the  viscosity  affect  the  work  of  the  heart 
where  the  blood  flows  in  vessels  of  such  varying  cahbre  and  tortuosity  as 
obtain  in  the  circulation  of  the  body.  Objection  has  been  made  to 
conclusions  drawn  from  experiments  made  in  rigid  glass  tubes.  To  a  certain 
extent  this  objection  holds  good,  as  the  conditions  are  necessarily  very 
different  in  vitro  ;  but  as  the  glass  walls  are  wetted  with  the  blood  in  the  same 
manner  as  are  those  in  the  living  vessels,  these  experiments  still  indicate  the 
amount  of  resistance  due  to  the  internal  friction  in  the  different  bloods. 

Red  Blood  White  Blood  Haejio-     Vis- 
Cases.     AoE.  CoRPcrscLES.  Corpuscles,  qlobin.  cositv.  Remarks. 

M.   H.      f.,    18      5,200,000  -  80"^  4-82    Pulmonary  systolic  bruit.   This  patient 

showed  no  svinptoms  of  lieart  lesion. 

E.  H.       f.,      9       0,300,000       11,000  110%  7-38    Congenital  heart '(S.  B.  P.  90).     Slight 

clubbing  of  fingers.    Confined  to  bed. 

Some  degree  of  e.vanosis. 
G.  D.      m.,  19       0,230,000  —  105°i  ti-27    Jlitral  presystolic  bruit;  irregular  pulse. 

Patient  confined   to  bed.     Cyanosis 

present. 
J.  R.  —         ;j,100,UU0         8,000  95 Vo  0-37    Mitral  incompetence ;    pulse  irregular, 

slight  oedema  and  cyanosis.    Patient 

confined  to  bed. 
J.   ^1.       rn.,  19       5,300,000  —  —  0-71    Mitral  incompetence ;    pulse  irregular ; 

some   dilatation ;     moderate   degree 

of  cyanosis.     In  bed. 

F.  M.       in.,  15       5,200,OOU  —  —  5-83  Double  aortic  bruit ;  lieart  enlarged  and 

acting  forcibly  ;  pulse  regular,  largo 
amplitude,  typical  "  water  hammer." 
Patient  not  greatly  inconvenienced. 


*Tlieevidento  for  which  stutoinont  roceivcs  further  attention  in  the  sequel. 
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Venesection. 

In  my  researches  on  the  means  at  our  disposal  of  altering  the  viscosity 
of  the  blood  in  man  by  therapeutic  measures,  that  of  venesection  stands  out 
alone,  as  being  the  only  certain  method  of  obtaining  a  definite  alteration. 
After  drawing  off  some  10-12  ounces  of  blood  from  the  arm,  there  is  an  almost 
immediate  and  very  marked  lowering  of  the  viscosity. 

I  have  no  doubt  that  the  beneficial  effect  of  blood-letting,  in  cases  of 
cyanosis  and  heart  embarrassment,  is  greatly  due  to  this  lowering  of  the 
viscosity.     The  number  of  corpuscles  is  reduced  also. 

In  the  following  list  there  is  only  one  case  which  does  not  show  a  lowered 
viscosity  after  blood-letting,  and  that  is  the  case  of  unemic  coma.  But 
here  there  is  an  explanation  in  the  fact  that  very  little  blood  (4-5  ounces) 
was  drawn  off,  as  there  was  difficulty  in  getting  the  blood  to  flow.  The 
patient  was  also  much  cyanosed  and  died  a  few  hours  later. 

Burton  Ox^itz''  showed  the  effect  of  venesection  in  animals,  obtaining 
results  which  gave  a  lowering  of  the  viscosity  in  every  case. 

He  found,  however,  that  the  change  was  not  proportional  to  the  amount 
of  blood  drawn,  nor  to  the  changes  in  its  specific  gravity. 

Red  Blood    Haemo-     Vis- 
Cases.  Corpuscles,  olobin.  cosity.  Remarks. 

Mitral  iiioumpotenco ;  some  diliitation ;  slight 
oedema  and  irregular  pulse.     JIarked  cyanosis. 

Half-hour  after  bleeding  ( 10  ounces). 

Brights'  disease  (chronic). 

After  bleeding  (14  ounces). 

Eclampsia. 

After  delivery  (with  a  good  deal  of  luxmorrhage). 

After  venesection  ( 1 1  ounces). 

Eclampsia. 

15  minutes  after  bleeding  (lU  ounces). 

'i  hours  later. 

Albuminuroa  and  vomiting. 

45  minutes  after  venesection  (14  ounces). 

2  days  later. 

Unrmie  coma.  Difficulty  in  getting  blood  to  flow. 
(5  ounces). 

-  hours  later  and  died. 

Hemophilia. 

Half-hour  after  venous  puncture  (2  ounces). 

Bier^s  congestion. 

The  congestion  of  a  limb  by  Bier's  bandage  causes  an  increase  in  the 
viscosity  of  the  blood,  as  tested  at  a  point  distal  to  the  bandage.  It  is  only 
the  blood  in  the  limb,  which  is  affected,  as  a  control  taken  from  the  ear 
shows  no  alteration  in  the  viscosity.  When  drawing  off  venous  blood,  the 
arm  requires  to  be  congested,  and  the  varying  degree  of  this  congestion  has 
probably  an  effect  on  the  viscosity,  the  increase  being  more  or  less  in  accord- 
ance with  the  amount  of  congestion.  The  cause  of  the  increased  viscosity 
in  the  congested  limb  is  probably  the  increased  carbonic  acid  content  of  the 
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blood  ;    in    severe    congestion    a    possible    exudation    of    serum  from  the 
vessels  and  resultant  concentration  of  the  blood  may  also  affect  the  results. 

Remarks. 

Blood  taken  from  the  toe. 

After  2  i  hours  slight  congestion  of  leg. 

.After   1   hour,  severe  congestion  of  ami. 

After   1  hour  congestion  of  arm. 

Inhalation  of  oxygen  in  cyanosis. 

Bence,^  giving  oxygen  by  inhalation  in  cases  of  cyanosis,  found  a 
reduction  in  the  viscosity,  and  a  lowering  of  the  blood-count.  Those  cases  of 
cyanosis,  due  to  heart  insuificiency,  reacted  better  than  cases  in  which  the 
cyanosis  was  due  to  disease  affecting  the  respiratory  system. 

The  case  in  which  I  made  observations,  was  one  of  marked  cyanosis 
from  mitral  disease,  combined  with  polycythaemia.  I  found  a  shght  lowering 
of  the  viscosity  after  the  administration  of  oxygen,  while  the  patient  also 
showed  some  Uttle  improvement  clinically,  the  breathing  being  less  laboured 
and  the  cyanosis  less  marked.  A  complication  in  the  form  of  chronic 
bronchitis  was  present  and  the  oxygen  was  not  inhaled  very  satisfactorily. 

Red  Blood    Vis- 
Case.        Age.        Corpuscles,  cosxty.  Remarks. 

A.  J.  m.,40       8,600,000         8-55 

7,300,000         7-98  Oxygen  given  for  15  minutes  three  times  during  an 

hour. 

In  cases  where  the  viscosity  is  very  high,  the  experimental  error  comes 
into  play  to  a  greater  degree.  Any  shght  difference  in  temperature  during 
the  experiment  causes  a  much  greater  variation  in  the  flow  through  time 
in  the  case  of  a  slow  flowing  viscous  blood,  than  in  a  blood  of  low  viscosity  ; 
again  the  capillary  tube  is  not  so  well  suited  to  test  these  bloods  where  the 
number  of  corpuscles  is  so  great  ;  the  blood  count,  also,  is  by  no  means  so 
accurate  where  the  number  of  coriJuscles  is  very  high.  In  consideration 
of  these  facts,  I  do  not  hold  this  result  to  be  of  great  importance.  If  oxygen 
inhalations  improve  the  circulation  in  such  a  case,  as  they  appear  to  do,  the 
passage  of  fluid  from  the  tissues  into  the  vessels  will  naturally  lower  the 
viscosity  of  the  blood. 

With  regard  to  medicinal  agents  I  cannot  say  that  I  have  found  any 
that  gave  a  constant  or  material  alteration  in  the  viscosity  of  the  blood. 
In  certain  cases  I  administered  calcium  and  citric  acid  in  varying  doses  ; 
and  the  general  effect  produced  by  the  exhibition  of  these  drugs  was  in 
the  case  of  calcium  to  raise  the  viscosity,  and  in  the  case  of  citrates  to 
lower  it.  The  results  however  must  be  considered  inconclusive,  as  their 
numbers  have  been  insufiScient. 
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Relation  of  viscosity  to  the  coagulation  of  the  blood. 

I  have  estimated  the  viscosity  and  the  coagulability  in  a  number  of 
cases,  to  determine  whether,  as  has  been  stated,  the  one  bears  any  relation 
to  the  other.  The  results  show  no  relationship  whatever.  In  taking  the 
coagulation  time  I  have  used  Addis's^  method,  warming  the  hand,  and 
congesting  the  finger  before  pricking,  to  prevent  any  fallacy  due  to  the 
blood  not  sjiringing  readily  from  the  puncture.  In  most  cases  I  have  found 
little  variation  in  the  coagulation  time  from  the  normal,  which  is  taken  as 
about  8  to  9  minutes  at  20°  C.  The  viscosity  varied  quite  independently 
of  the  coagulability.  The  case  of  hjemophilia  alone  showed  any  great 
increase  in  the  coagulation  time.  The  maintainance  of  a  constant  temper- 
ature is  essential  if  accurate  results  are  to  be  obtained,  in  estimating  the 
coagulability,  as  it  is  in  estimating  the  viscosity.  I  have  used  the  same 
temperature  (20°  C.)  in  both  instances. 
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4-yo 

•4  111. 

.,         (0  days  later). 

D. 'S. 

C-42 

7  .V  111. 

Typhoid  fever. 

Blood  pressure  and  viscosity. 

There  does  not  appear  to  be  any  dependence  of  the  blood  pressure  on 
the  viscosity.  It  might  be  expected  that  an  increased  resistance  in  the 
capillary  circulation  due  to  increased  viscosity  would  cause  a  high  blood 
pressure.  Other  things  being  equal  this  must  occur  ;  tnit  possibly  the 
vasomotor  control  of  the  arterioles  is  more  than  sufficient  to  cope  with  any 
changes  in  the  peripheral  resistance  due  to  the  alterations  in  viscosity. 
Then  again,  in  cases  where  the  blond  is  very  viscous,  the  heart's  action  may 
be  embarrassed  ;  and  if  the  initial  driving  power  supplied  by  the  heart  is 
low,  there  is  no  reason  Mhy  the  j^ressure  should  be  high. 

It  is  show  n  in  the  results  given  that  in  cases  with  a  high  viscosity  the 
blood  pressure  may  be  low  :  and  many  of  the  cases  with  a  high  blood  pressure 
show  a  low  viscosity  value.  This  last  fact  may  be  explained  by  there 
being  hydrjemia,  with  an  increase  in  the  total  volume  of  fluid  in  the 
circulation. 

In  cases  where  the  viscosity  was  reduced  after  venesection,  the  blood 
pressure  was  also  lowered  slightly  in  two  cases,  and  was  lowered  enormously 
in  another  case  which  died  shortly  after  the  operation.     In  the  case  of 
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uraemic  coma  previously  noted,  where  the  viscosity  rose  after  venesection, 
the  blood  pressure  also  rose. 
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Laboratory  work. 

I  shall  now  give  the  results  obtained  in  the  laboratory,  where  I  have 
experimented  with  larger  quantities  of  blood.  I  obtained  the  blood  from  the 
median  basilic  or  cephalic  veins  of  the  arm,  by  venous  puncture  with  a  large 
sized  needle.  In  this  way  and  having  congested  the  arm,  some  75  c.c.  of  blood 
could  be  easily  drawn  off.  In  some  cases,  in  order  to  test  the  effect  produced 
on  the  viscosity  of  the  blood  by  passing  carbonic  acid  and  oxygen  throught  it, 
I  drew  off  the  blood  into  glass  vessels,  lined  with  block  paraffin  and  con- 
taining a  solution  of  potassium  oxalate.  The  oxalate  solution  was  made 
up  to  2  per  cent.,  and  by  using  a  volume  of  this  solution  equal  to  one-tenth 
the  quantity  of  blood,  a  -2  per  cent,  solution  of  oxalate  was  obtained. 

In  other  cases  I  used  hirudin  in  the  dry  form  to  prevent  coagulation, 
instead  of  the  oxalate.  In  this  way  there  was  no  dilution  of  the  blood,  as  is 
unavoidably  the  case  with  oxalate,  and  the  viscosity  of  the  unaltered  venous 
blood  could  be  obtained,  also  the  viscosity  of  the  undiluted  plasma,  after 
centrifugalisation.  In  the  blood  from  a  hsemophilic  patient  I  was  able  to  take 
the  viscosity  both  of  the  capillary  and  venous  blood,  without  the  addition  of 
hirudin  ;  and  comparing  the  results  with  those  of  the  hirudinised  blood, 
I  proved  that  the  viscosity  is  unaltered  by  the  use  of  hirudin  in  the 
dry  form. 

I  find  that  the  viscosity  of  venous  blood  varies  much  more  than  does 
that  of  the  capillary  blood,  which  is  a  strong  argument  in  favour  of  using 
capillary  blood,  in  testing  the  viscosity.  Venous  has  a  constantly  higher 
viscosity  value  than  has  capillary  blood. 

I  also  experimented  with  laked  blood,  finding  a  great  increase  in  the 
viscosity  from  that  of  the  same  blood  in  its  normal  state.  The  significance 
of  this  I  shall  not  discuss  here. 

Effect  of  fassing  carbonic  acid  gas  and  oxygen  through  the  blood. 

I  carried  out  these  experiments  both  with  oxalated  blood  and  with 
hirudinised  blood,  in  two  cases  ;  one  of  them  a  healthy  person,  and  the  other 
a  ha^mophylic. 
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The  blood  was  received  in  two  separate  glass  vessels  which  were  paraffined 
and  charged  with  oxalate  solution,  or  hirudin,  as  desired.  I^^One  portion  was 
then  taken  and,  its  viscosity  having  been  determined,  carbonic  acid  gas 
was  bubbled  through  for  several  minutes  ;  the  viscosity  was  again  deter- 
mined and  on  each  occasion  showed  a  marked  increase.  The  other  portion 
was  then  similarly  treated  with  oxygen  in  place  of  carbonic  acid  gas,  and 
again  the  viscosity  was  increased,  though  in  a  very  much  less  degree.  This 
is  contrary  to  the  results  which  others  give.  I  then  passed  oxygen  through 
that  portion  of  blood  which  had  already  been  treated  with  carbonic  acid 
gas,  and  found  a  distinct,  though  not  great,  lowering  of  the  viscosity  ;  liut  this 
failed  to  bring  the  value  down  to  that  of  the  blood  treated  with  oxygen  alone. 

Finally  I  took  the  portion  of  blood  which  had  been  treated  with  oxygen 
alone,  and  through  this  passed  carbonic  acid  gas.  The  viscosity  was  increased, 
not  so  greatly  as  in  the  case  where  the  blood  had  not  previously  been  treated 
with  oxygen,  but  to  almost  the  same  value  as  that  given  by  the  portion  which 
had  been  treated  with  carbonic  acid  gas  first  and  then  with  oxygen. 

These  results,  however,  will  show  more  clearly  in  tabulated  form.  The 
lia?mophilic  case  is  shown  in  the  first,  the  normal  case  in  the  second  table. 

Red  Blood     Haemo-      Vis- 
Date.         Case.  Corpuscles,  olobin.  cositv.  Remarks. 
Mar.  0.      W.  W.     (1,200,000         103%       5-80  Capillary  blood  from  oar  lobo  (hiruclinkptl). 

—  —  0-7  Venous    blood    from    arm   (hirudiniwcd). 

—  —         S-l.'j  ,,  „         C02  passed  t.hrongli. 
Mar.  13.    W.  W.      0,300,000         102%       6-50  Capillary  blood  from  congo.sted  finger. 

—  —  6-82  Venous  blood  (no  hirudin). 

—  —  7-28  ,,  ,,       (hirudinised)     oxygon     passed 

through. 

—  —         8-30  .,  ,.  „         C02 

Mar.  20.    \V.  W.      0,400,000  103%  6-39  Capillary  blood  from  uncongested  finger. 

—  —  6-82  Venous  blood  from  arm  (no  hirudin). 

—  —  7-54  ,,  „       with  oxygen  passed  tlirougli, 
Apl.  10.     1.     W.  W;  6,400,000  104%  5-89  Venous  blood  oxalated. 

II.  —  —         6-06  ,,  ,,       after  standing  16  hours. 

III.  —  —         6-84  ,,  ,.       oxygen  passed  through. 

IV.  —  —  7-23  „  ,,       Cd2 

Red  Blood      Haemo-      Vis- 
Date.  No.  Case.  Corpuscles,  olobin.  oosirv.  Remarks. 

Mar.  20.     1.     T.  A.     5,120,000       94%       5-OS  Capillary  blood  from  oar  lobe  (hirudinised). 

II.  —  —         5-16  Venous  blood  from  arm  (hirudinised). 

III.  —  —         5'36  ,,  ,,       oxygen  pas.setl  through. 

IV.  —  —         5-82  „  „       Cd2 

V.  —  —  5-69  „  „       C02  ,,  .,  thon 

oxygen. 
VI.  —  —  5-63  „  ,,        oxygen  ,.  ,,  then 

CO  2. 

In  my  experience  the  introduction  of  oxygen  in  vitro  causes  an  increase 
in  the  viscosity.  This  is  opposed  to  the  results  given  by  others.  Bcncc' 
quotes  Koranyi,  who  using  defibrinated  blood,  states  that  after  saturating 
the  blood  with  carbonic  acid  gas  he  passed  oxygen  through  it  and  reduced 
the  viscosity  even  below  the  original  value  for  defibrinated  blood.  Rotky,'-^ 
also,  states  that  the  passage  of  oxygen  through  the  blood  reduces  its  viscosity. 
It  is  not  evident  why  it  should  do  so,  unless  the  oxygen  is  capable  of  driving 
off  C02  by  breaking  up  tlie  H2C03,  in  wliich  form  it  circulates  in  the  blood. 
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Only  in  the  case  of  blood  saturated  with  C02  did  the  oxygen  affect  a  reduction 
in  the  viscosity  :  in  the  normal  blood  it  did  not  do  so,  in  fact  it  slightly 
raised  the  viscosity.  The  bubbling  of  the  oxygen  through  the  blood  causes 
frothing,  and  probably  increases  rouleaux  formation,  which  may  account 
for  this  raised  viscosity  ;  and  any  oxygen  dissolved  in  the  plasma  will  tend 
to  increase  the  viscosity,  as  does  C02  when  passed  through  serum  or  plasma 
(see  below).  The  ha-moglobin  in  arterial  blood,  or  blood  which  has  been 
exposed  to  the  air,  is  already  saturated  with  oxygen  and  the  passage  of  oxygen 
through  it  probably  does  not  effect  the  volume  or  shape  of  the  corpuscles. 

The  explanation  of  the  action  of  C02  in  raising  the  viscosity  so  markedly, 
is,  according  to  Koepjae,^''  as  follows  :  the  corpuscles,  he  states,  contain 
more  protein  alkali  than  does  the  plasma,  and  so  the  carbonic  acid  acting 
on  this  alkali  to  form  carbonates,  there  is  a  higher  percentage  found  within 
the  corpuscles.  Osmotic  action  then  takes  place,  the  cor^juscles  taking  up 
water  from  the  plasma,  and  their  volume  becomes  increased  at  the  expense 
of  the  fluid  in  the  plasma. 

Viscosity  of  the  serum  and  jjlasma,  with  results  of  passing  carbonic  acid 

gas  through  them. 

The  serum  was  obtained  by  allowing  the  blood  to  clot  in  a  clean  glass 
vessel ;  the  plasma,  by  centrifugalising  the  hirudinised  blood.  The  viscosity 
of  the  serum  is  slightly  lower  than  that  of  the  plasma  ;  the  absence  of 
fibrinogen  in  the  serum  is  probably  the  reason  for  this. 

The  viscosity  of  the  serum  is  found  to  vary  little  and  is  of  less  importance 
than  is  that  of  the  plasma.  Burton  Opitz,^  Jlayer,^^  Bence,^  Ferrai^" 
and  otliers,  give  results  of  work  done  on  serum.  Burton  Opitz^  worked 
at  the  effects  of  food,  and  Bence^  and  Ferrai^"  on  those  of  C02.  No 
marked  alterations  were  found.  The  viscosity  of  the  plasma  does  not  vary 
to  such  an  extent  as  to  make  it  an  important  factor  in  influencing  the  vis- 
cosity of  the  whole  blood.  Kottmann^'  gives  the  variations  in  all  cases 
from  1-52  to  2-89. 

The  indirect  influence  of  the  plasma  on  the  viscosity  of  the  blood  is  of 
greater  importance,  as  by  its  changing  concentration,  it  causes  shrivelling  or 
swelling  of  the  corpuscles  (Hamburger^-),  thus  affecting  the  viscosity 
of  the  blood. 

The  average  viscosity  for  normal  serum  I  find  to  be  1-74,  while  for  plasma 

of  hirudinised  blood  I  get  the  value  206. 

Serum.  Plasma. 

1-71   before  C'02  pas&ed  throiigli.  2-043  before  C02  passed  through. 

1-73  after  C02  passed  tliroiigli.  2-0G5  after  C'02  passed  through. 

In  a  case  of  hsemoiDhilia,  I  estimated  the  viscosity  of  the  plasma  obtained 
by  centrifugalising  the  blood,  without  the  addition  of  any  hirudin  or  oxalate, 
as  coagulation  was  sufficiently  delayed  to  allow  of  tliis.  I  give  the  viscosity 
of  the  plasma  and  of  the  serum. 

Serum  —  l-!in2.     Plasma  —  2-06. 
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The  results  already  shown  prove  that  the  introduction  of  C02  into  the 
whole  blood  greatly  increases  its  viscosity  ;  I  have  also  just  shown  that 
carbonic  acid  introduced  into  the  plasma  causes  only  a  very  slight  increase 
in  its  viscosity;  it  follows,  therefore,  that  the  increased  viscosity  of  the  whole 
blood  is  caused  by  changes  in  the  corpuscles,  and  as  the  number  of  these 
cannot  alter  in  vitro,  it  is  to  the  increase  in  volume  of  the  individual  cor- 
jjuscles  that  the  raised  viscosity  is  due.  In  vivo,  besides  these  changes  in 
the  corpuscles,  the  increased  number  comes  into  play,  as  cases  of  cyanosis 
show  a  constantly  high  blood  count. 

Conclusions. 

1 .  The  viscosity  of  the  blood  varies  little  in  health  in  the  same  individual 
but  there  is  a  range  of  variation  in  ditierent  individuals  from  4-74  to  G02. 

2.  The  viscosity  is  higher  in  males  than  in  females  : — 

Average  in  males  5-42 

Average  in  females  5- 12 

."{.  The  reason  for  the  lower  values  in  females  would  appear  to  be  the 
lower  blood  count  and  hajmoglobin  content  found  in  these  cases. 

4.  The  number  of  the  red  blood  corpuscles  is  the  most  important  factor 
in  causing  variations  of  the  viscosity.  It  varies  also  with  the  hsemoglobin 
content,  but  in  neither  instance  does  a  strict  relationship  hold. 

5.  The  carbonic  acid  content  of  the  blood  affects  the  viscosity,  apart 
from  an  alteration  in  the  number  of  corpuscles.  This  is  shown  in  vitro 
where  the  corpuscles  remain  constant  in  number.  The  changes  of  viscosity 
arc  caused  by  alteration  in  volume  and  shape  of  the  corjjuscles,  due  to 
osmosis.     Venous  blood  is  of  higher  viscosity  than  arterial. 

6.  The  plasma  is  of  slightly  higher  viscosity  than  the  serum  and  shows 
somewhat  greater  variations,  though  not  in  a  degree  calculated  to  markedly 
aifect  the  viscosity  of  the  whole  blood. 

Passing  carbonic  acid  through  the  plasma  causes  but  a  very  slight 
increase  in  its  viscosity,  a  definite  proof  that  the  changes  in  the  viscosity 
of  the  whole  blood,  when  carbonic  acid  is  passed  through  it,  result  from 
corpuscular  changes. 

7.  The  use  of  hirudin  in  the  dry  form  does  not  effect  the  viscosity. 

8.  There  is  no  relationship  between  the  viscosity  and  the  coagulability 
of  the  blood. 

9.  There  is  no  fixed  relationship  between  the  viscosity  and  the  blood 
pressure. 

lU.     Venesection  is  the  only  therapeutic  agent  by  means  of  which  the 
viscosity  can  be  certainly  and  definitely  altered. 

An  immediate  and  marked  lowering  of  the  viscosity  follows  venesection, 
and  this  eli'ect  is  not  a  transitory  one. 
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11.  In  disease  there  are  enormous  variations  in  the  viscosity  of  the 
blood  :  there  is  no  disease  which  shows  a  constant  variation  from  a  normal 
value  without  corresponding  changes  in  the  corpuscles  and  hiemoglobin. 
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OBSERVATIONS    ON    A   CASE    OF   PAROXYSMAL   TACHYCARDIA 
OF    AURICULAR    TYPE. 

By  a.  W.  FALCONER  and  0.  M.  DUNCAN. 

(Aberdeen.) 

J.  M.,  a  man  aged  40,  was  admitted  into  the  Aberdeen  Royal  Infirmary 
on  August  the  lOth,  1010,  under  Dr.  Edrnond,  to  whom  we  are  indebted  for 
permission  to  observe  the  case.  Altiiough.  unfortunately,  electrocardio- 
grams are  wanting  and  polygraphic  tracings  were  difficult  to  obtain  on 
account  of  the  marked  dyspnoea  and  the  mental  condition  of  the  patient, 
there  can  be  no  doubt  that  we  are  dealing  with  a  case  of  paroxysmal  tachy- 
cardia of  auricular  type,  very  similar  to  Mackenzie's  case,  exhaustively 
studied  by  Lewis.-  and  to  Laslett's  case.^  Within  the  course  of  a  week  we 
find,  at  one  time,  the  occurrence  of  isolated  auricular  extrasystoles,  at 
another  time,  the  presence  of  very  short  paroxysms  of  auricular  tachycardia, 
and  eventually  the  development  of  a  similar  paroxysm,  which  lasted  three 
days. 

Fast  hlMorij  and  habits.  Until  7  years  before  admission  to  Hospital 
the  patient  had  always  been  quite  healthy.  He  denied  ever  having  had 
rheumatic  fever.  Seven  years  before  his  present  admission  he  was  in  the 
Aberdeen  Infirmary  with  a  form  of  venereal  disease,  details  of  which  could 
not  be  obtained.  He  had  not  been  a  heavy  drinker,  and  had  smoked  about 
2  ozs.  of  tobacco  a  week.  He  was  a  carter  by  occupation,  but  he  had  not 
had  unduly  heavy  labour. 

Present  affection.  For  fully  12  months  liefore  admission  the  patient 
had  been  troubled  with  increasing  breathlessness  on  exertion,  and  occasional 
swelling  of  the  feet  and  legs.  He  had  remained  at  work,  however,  until 
a  fortnight  before  admission  to  hospital,  when  he  had  to  stop  work  as  the 
breathlessness  and  swelling  rapidly  became  much  worse.  He  had  not  noted 
any  pal])itation.  and  had  never  lost  consciousness.  On  admission  the 
patient  was  found  to  be  a  well  developed  man.  There  was  an  old  perforation 
of  the  palate,  probably  of  syphilitic  origin.  There  was  marked  orthopnea. 
There  was  a  moderate  oedema  of  the  legs  and  feet  with  considerable  swelling 
of  the  scrotum.  The  apex  lieat  of  the  heart  was  situated  in  the  5th  space 
i-inch  outside  the  nipple  line.  On  auscultation  double  murmurs  were  heard 
at  the  aortic  and  mitral  areas.  The  liver  was  somewhat  enlarged  and  could 
be  felt  1  inch  below  the  costal  margin.  Free  fluid  could  not  be  demonstrated 
in  the  abdomen.     For  the  first  few  davs  the  urine  averaged  rather  over 
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30  ozs.  a  day.  and  contained  a  moderate  amount  of  albumen.  From 
August  the  lllth  to  tlie  23rd  tlio  ])ul;sc  was  about  100  a  minute  in  rate,  and 
was  not  noted  to  be  irregular.  No  tracings  were  taicen.  During  this  time 
his  general  condition  improved  somewhat.  On  August  tlie  23rd  the  patients 
general  condition  was  distinctly  woise,  and  the  i)ulse  had  become  markedly 
irregidar.  On  this  date,  a  regular  ])ulse  rate  of  100  a  minute  was  frequently 
interrupted  by  a  short  .series  of  rapid  beats.  Polygraphic  records  of  this 
irregularity  were  obtained  and  will  be  descriljed  later.  From  August  the 
24th  to  the  2!»th  the  ])ulse  was  markedly  irregular.  For  ])ractically  the 
whole  of  this  time  the  irregularity  consisted  of  3  or  4  slow  beats  alternating 
w ith  several  rajiid  beats.  Tliis  occurred  w ith  remarkable  regularity.  Duiing 
this  period  the  general  condition  of  the  patient  became  worse,  the  oedema 
and  dyspnoea  increased  and  he  became  extremely  irritable  and  confused. 
Owing  to  the  ])rofound  dyspnoea  and  mental  irritability  of  the  patient 
legible  polygra])hic  tracings  could  not  be  obtained.  On  August  the  29th 
the  ])ulse  rate  suddenly  rose  to  185,  and  became  quite  regular.  The  condition 
of  the  ])atient  lemained  much  the  same.  This  fast  rhythm  varied  in  rate 
from  185-150  per  minute,  and  became  gradually  slower  as  the  tachycardia 
continued.  In  the  early  hours  of  September  the  1st  the  pulse  rate  suddenly 
fell  to  100.  The  general  condition  of  tlie  ]iatient  was  not  much  im])roved 
by  the  fall  in  rate.  \Mien  examined  on  the  morning  of  September  the  1st 
the  ])ulse  was  found  to  be  ])eifectly  regular  at  100  a  minute.  Exceiit  for  an 
occasional  intermission,  the  legular  rhythm  continued  until  September  the  Sth. 
but  the  rate  gradually  rose  from  Kioto  120  a  minute.  The  general  condition 
did  not  improve,  and  the  temperature  which  had  previously  been  normal 
became  irregular.  On  September  the  nth  there  was  a  paroxysm  of  tachy- 
cardia lasting  about  3  hours,  and  tlie  [latient  died  on  September  the  10th 
witluuit  any  further  paroxysms. 

Tlie  poll/graphic  trnciiir/s. 

Legible  polygraphic  tracings  were  obtained  on  August  the  23rd,  when 
the  heart  first  became  markedly  irregular,  and  during  the  long  paroxysm 
of  tachycardia.  Only  radial  tracings  were  obtained  of  the  irregularity  from 
August  the  24th  to  the  2!lth. 

Fig.  1  is  a  tracing  obtained  on  August  the  23rd.  Following  the  0th 
normal  beat  an  auricular  extrasystole  without  a  full  compensatory  pause 
occurs.  The  beat  is  not  transmitted  to  the  radial.  The  a  wave  is  combined 
with  the  preceding  v  wave,  and  has  produced  a  large  wave  which  lias  been 
deformed  by  striking  the  time-marker.  The  a-c  interval  throughout  the 
tracing  is  rather  less  than  one-fifth  of  a  second.  Fig.  2  shows  a  similar 
extrasystole,  which  is  transmitted  to  the  radial.  The  jugular  tracing  is 
unfortunately  not  good,  but  there  can  be  little  doubt  that  we  are  dealing 
with  an  auricular  extrasystole.  The  pause  in  the  radial  in  both  is  *.'th  of  a 
second.     Fig.  3  shows  an  auricular  extrasystole  in  which  the  pause  in  the 
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radial  is  soim-wiiat  longer,  iianicly.  one  second.  The  jiause  in  the  jngidar 
tracing  from  a  to  a  is  ''-'th  of  a  second,  « liicli  is  ahnost  exactly  eqnal  to 
the  post  iiaroxysmal  ]iaiise  in  Fig.  4.  All  tlie  single  extrasystoles  obtained 
on  this  date  corresjionded  to  one  or  other  of  those  two  tv])es.  Fig.  4  is  the 
only  tracing  of  a  paroxysm  of  tachycardia  w hich  was  obtained  on  August  the 
23rd.  It  consists  of  1 1  rapid  beats  and  terminates  in  a  pause  which  is 
also  almost  exactly  equal  to  the  iiause  following  the  auricular  extrasystole 
in  Fig.  3.  With  regard  to  the  jirolongation  of  the  first  beat  following  the 
paroxysm,  a  slow  sinus  rate  w  ith  a  gradual  return  to  the  normal,  as  a  sequence 


Fie.    ).     Auriciilnr  extrasystole  not  eoncliuted  to  tlie  indial 


Fig.  2.     Extrasystole  similar  to  that  shown  in  Fig.   1,  but  conducted  to  the  radial. 


Fig.  3.     Auricular  pxtnisy.-tolc  with  somewhat  larger  pause  than  tlie  extrasystoles  in  Figs.  1  and  2. 

to  a  j)aroxysm,  was  a  constant  ]ihenomenon  in  two  cases  observed  by  Lewis. - 
In  Laslett's  case.i  as  in  the  ])iesent  one.  the  first  normal  pulse  period  was 
prolonged.  Throughout  the  whole  of  the  short  paroxysm  there  are  well 
marked  a  waves  with  an  a-c  interval  of  one-fifth  of  a  second,  that  is  to  say, 
rather  more  than  the  a-c  interval  of  the  normal  rhythm.  The  excessive 
height  of  the  a  waves  during  the  paroxysm  is  partly  due  to  the  shortened 
F.s-.ls  interval,  the  (/  wave  falling  back  on  the  preceding  v  wave,  but  it  is 
possible  that  the  four  very  large  a  waves  in  the  middle  of  the  jiaroxysm  are 
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partly  dependent  on  respiration.     At  the  conimencenient  of  the  paroxysm 

the  first  two  l)eats  of  the  radial  curve  differ  somewhat  from  the  suceeeding 

nine  beats.    They  lie  somewhat  lower  in  the  curve,  and  do  not  raise  the  arterial 

pressure  to  the  same  extent  as  the  following  beats.     In  the  jugular  tracing 

the  only  discernible  difference  is  that  the  (t-(t  interval  between  the  first  and 

second  beats  is  distinctly  less  than  the  a-a  interval  of  the  succeeding  beats. 

This  i)eculiar  appearance  of  the  radial  tracing  at  the  commencement  of  a 

paroxysm    was   an    almost   constant   ]ihenoinenon    in    the    numerous   radial 

tracings   of  short  paroxysms  which   were   obtained  from  August  the  24th  to 

the  27th.      That  these  are  extrasystoles  arising  in   the  auricle  there  can  be 

no  doubt,   but   from   polygraphic   tracings   alone,   it   is   impossible   to   state 

definitely  whether  they  dii?er  from  the  later  beats  of  the  paroxysm.     Lewis 

has  carefully  studied  the  onset  of  the  paroxysms  in  his  case  and  found  that 

they   \\ere   frequently   introduced   by   one   or   more   auricular  extrasystoles 

w  hich  gave  electro-cardiograms  of  different  ty])e  from  those  of  the  jiaroxysm 

]iro])er.     He  laid  stress  on  the  different  appearance  of  those  extrasystoles 

in  the  radial  tracing,  as  a  means  of  differentiating  them  from  the  beats  of 

the  paroxysm  ])ro]ier.     Fig.  5  is  an  exam])le  of  the  rhythm  which  continued 

■Hith  remarkable  regularity  from  August  the  24th  to  the  29th.     It  bore  no 

constant  relation   to  respiration.     As  in   Fig.  4,  every  short  ]iaroxysm  is 

initiated  by  two  small  beats  which  differ  somewhat  from  those  of  the  rest 

of  the  paroxysm.     The  post-paroxysmal  jiause  in  the  radial  is  quite  constant 

in  length,  and  is  equal  to  the  pause  in  Fig.  4.     Fig.  6  is  a  tracing  taken  on 

August  the  29th  during  the  long  paroxysm,  when  the  pulse  rate  was  171,  and 

show  s  that  it  was  also  of  auricular  origin  with  an  a-v  interval  of  one-fifth  of  a 

second.     On  August  the  30th  alternation  appeared  in  the  radial  tracing, 

and  was  more  marked  on  the  31st.     In  the  early  morning  of  September  the 

1st  the   pulse   suddenly  fell   to    100.     Tracings   were   obtained   some  hours 

later,  and  showed  a  perfectly  normal  and  regular  rhythm  of  100  a  minute. 

The   )>atinr  of  fhf  paroxysms. 

From  a  study  of  the  tracings  there  can  be  no  doubt  that  we  are  dealing 
with  paroxysms  originating  in  the  auricle.  As  the  a-c  interval  is  a  full 
one-fifth  of  a  second,  we  are  justified  in  considering  that  the  site  of  the 
stimulus  is  in  the  main  mass  of  the  auricular  tissue. 

Avtopsy. 

Permission  to  examine  the  chest  and  abdomen  was  obtained.  The 
right  pleural  cavity  was  found  to  be  obliterated  by  old  adhesions,  as  also 
was  the  upper  part  of  the  left  pleural  cavity.  The  lower  part  of  the  left 
])leural  cavity  contained  about  3  ozs.  of  clear  serous  fluid.  The  left  lung 
weighed  2  lbs.  14  ozs..  There  was  marked  emphysema  of  the  upper  lobe 
and  the  lower  lobe  was  almo.st  entirely  solid.     The  right  lung  weighed  2  lbs. 
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5  ozK.  and  was  iiiarkccUy  anleinatons  and  congcfstcd.  [ii  lioth  lungs  there 
was  a  marked  irregular  fibrosis.  Mieroscopically  both  lungs  siiowed  a  well 
marked  irregular  fibrosis  which  was  probably  syphilitic  in  origin.  The  left 
lower  lobe  showed  all  the  features  of  a  septic  ]nieumonia.  The  livei-  was 
typically  nutmeg  in  appearance.  The  peritoneal  cavity  was  free  from  fluid. 
The  left  testicle  was  fibrosed. 

The    Heart.     The  pericardial  sac  contained   :?  ozs.   of  shghtly   I)lood- 
stained  fluid,  otherwise  the  pericardium  was  healthy.     The  ascending  and 
transverse  arch  of  the  aorta  was  somew  hat  dilated,  and  on  section  showed 
well  marked  aortitis  which  we  lielicve  to  liave  been  syphilitic.     The  heart 
itself  was  much  enlarged.     The  walls  of  the  transverse  branch  of  the  left 
coronary    artery    were    very    distinctly    thickened.     At    its    commencement 
there  were  some  calcareous  sclerotic  patches  but  these  only  extended  for  a 
distance  of  about  one  inch.     The  interventricular  branch  of  the  left  coronary 
artery  showed  much  more  extensive    arterio-sclerotic  changes.      The  wall 
was  thickened  and  showed  numerous  calcareous  areas,  more  especially  in  the 
upper  part  of  its  course.     The  lumen  of  both  the  transverse  and  the  inter- 
ventricular  Inanches   was   dilated.     The   right   coronary   artery   showed   a 
moderate  degree  of  thickening  of  its  wall,  but,  excejjf  at  its  origin,  the  inner 
coat  of  the  vessel  showed  no  calcareous  or  atheromatous  patches.     The 
coronary  veins  were  markedly  distended  with  fluid  blood,  and  stood  out 
as  cords  the  thickness  of  a  large  pencil.     There  was  no  evidence  of  any 
thromliosis.     On  opening  the  heart  the  aortic  valves  were  found  greatly 
thickened,    nodular    and    contracted.     They    contained    much  calcareous 
deposit  and  they  all  showed  irregular  ])erforations.     The  cusps  also  showed 
numerous   small    warty   vegetations    of   recent    origin.     The    edges    of   the 
mitral  valves  showed  a  moderate  amount  of  thickening.     In  the  free  margin, 
at  the  centre  of  the  infundibular  cus])  of  the  tricuspid  valve  and  projecting 
from  the  auricular  aspect,  was  a  small  hard  nodule  the  size  of  a  pea.     The 
surface  was  nodular  and  on  section  the  nodule  showed  a  patchy  yellowish 
coloured   surface   of   firm    fibrous   consistence,    in   which   one   or   two   small 
calcareous  deposits  could  be  felt.     The  left  ventricle  was  greatly  dilated  and 
hypertroijhicd.     After  fixation  in  formaline  the  thickness  of  the  wall  varied 
from  I  to  1  inch.     To  the  naked  eye,  it  showed  no  abnormality  apart  from 
the  hypertrophy.      The  left  auricle  was  slightly  dilated  and  its  wall  was 
slightly  thicker  than  normal.     The  right  ventricle  was  not  dilated.     After 
hardening,  the  thickness  of  its  wall  varied  from   ]  to   ;^   of  an  inch.     The 
right  auricle  was  markedly  dilated  as  was  also  the  opening  of  the  coronary 
sinus.     In  the  upper  postero-lateral  aspect,  near  the  site  of  the  sino-auricular 
node,  there  was  a  dark  fibrinous  clot  intimately  adherent  to  the  muscular 
trabecule.     Below  the  opening  of  the  interior  vena  cava,  in  the  angle  between 
the    interauricular  and   right    auriculo-ventricular    groove,  there    were    two 
irregularly  sha]ied   areas  in  which   the   wall  of  the  auricle  was  of  extreme 
thinness,   presenting  a  semi-transparent   parchment-hke  appearance.     The 
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l^o  ]jatclu-s  laypaiallel  to  tatli  otluT  and  to  tlu'  auiiculo-\entiifiilar  gruovc. 
ElscM  hciT  llu"  wall  t)t  the  auricle  was  of  about  tlic  usual  tliiokiioiss. 

M i<ro.'«-upi<:  r.niii/iiialioii.  l>loeks  containing  the  sino-aurieular  and 
tlic  auiieulo-ventricular  node  and  the  main  bundle  were  cut  in  serial  sections 
of  10  inicra.  The  block  containing  the  sino-auricular  node  included  a  con- 
sideiablc  amount  of  auricular  tissue  and  each  third  section  ^\as  kept.  Of 
tlie  .1-1'  node  and  Ijundle  every  t<>nth  section  Avas  mounted.  .Sections  were 
also  cut  from  several  other  ])arts  of  the  right  auricle  and  from  jnvrts  of  the 
left  auricle  and  right  and  left  ventricles. 

L'if/lit  inirirlc.  The  wall  of  the  right  auricle  showed  throughout  a 
detinite  fibrosis.  Between  the  iiiusck^  fibres  there  was  a  dilTuse  small  cell 
infiltration  consisting  for  the  most  ])art  of  lymphocytes  with  scattered 
])lasma  cells  and  jxilymoi phonuclear  leucocytes  ;  this  infiltration  was 
largely  perivascular  in  its  distrifnition.  .Many  of  the  smaller  arteries  showed 
also  distinct  thickening  of  the  inner  coat.  The  muscle  fibres  frequently 
contained  small  jjerinuelear  deposits  of  fine  granular  broA\  n  pigment,  similar 
to  those  found  in  jiigmentary  involution  of  the  heart,  in  those  areas  in 
which  the  fibrotie  process  was  more  advanced,  granular  and  atrophied 
muscle  fibres  were  occasionally  seen. 

The  adherent  clot  in  the  upjier  pait  of  the  right  auricle  consisted  of 
masses  of  fibiin  and  ])artially  disintegrated  red  blood  cells.  The  margin  was 
extensively  infiltrated  with  ]iolymor])honucIear  leucocytes,  many  of  which 
were  loaded  with  granular  blood  pigment.  To  a  certain  extent  this  leucocytic 
infiltration  had  affected  the  adjacent  a\aicular  wall. 

Serial  sections  through  the  sino-auricular  node  and  the  aui'iculo- 
vcntricular  node  and  main  bmidle  sh(jwcd  that  these  parts  had  not  escaped 
the  general  lymi)hoeytic  infiltrations.  The  wall  of  the  artery  of  the  sino- 
auriciilar  node  was  perha])s  slightly  thickened,  but  the  lumen  was  not 
niaterially  diminished.  Several  of  the  capillaries  of  this  node  showed  well 
marked  perivascular  infiltration  of  lymphocytes,  an  example  of  whiih  is 
seen  in  Fig.  7.  Some  of  the  lymphocytic  deposits  were  not  definitely  peri- 
vascular (Fig.  S).  The  auriculo-ventricular  node  was  well  developed,  and, 
in  common  with  the  main  bundle  ))resented  small  scattered  lym})hoeytic 
deposits  similar  to  those  foujid  in  the  sino-auricular  node  (Fig.  '.)). 

Sections  of  the  left  auricle  showed  similar  changes  to  those  of  the  right 
auricle,  but  to  a  distinctly  less  degree.  Sections  of  the  right  and  left  ventricles 
were  normal,  exce]it  for  a  very  limited  perivascular  lymphocytosis  and 
l>ignientary  involution. 

Summary. 

A  case  of  paroxysmal  tachycardia  of  auricular  type  is  described.  Post- 
mortem, in  addition  to  various  valvular  lesions,  extensive  diffuse  changes 
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were  tound  in  the  tissues  of  the  right  auricle  and  to  a  less  extent  of  the  left 
auricle,  \\hich  we  interjDret  as  of  syjDhilitic  origin.  These  had  involved 
to  a  certain  extent  both  the  sino-auricular  and  auriculo-ventricular  nodes. 
Except  for  a  very  moderate  peri-vascular  lyphocytosis  the  ventricular 
muscle  was  normal. 


]31IiLlUUKAi'HV. 

'   Laslett.     gnaii.  .lour.  .Med.,   lUll,  IV,  290. 
=   Lewi.s.     Hearl,   UllO,  I,  'AOVi. 
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RE.MARIvS    OX     TWO  CASES  OF  HEA III- BLOCK. 
By  T.  WARDROP  GRIFFITH. 

(Leeds.) 

In  placing  on  record  these  two  cases  of  heart-block  I  desire  among  tile 
])oints  of  interest  wiiicli  ari.se  especially  to  emphasise  four.  These  are, 
first,  the  difficulty  wiiicii  may  exist  in  discriminating  between  a  complete 
and  a  partial  block  ;  secondly,  the  occurrence  of  conij)lete  block  in  a  patient 
whose  auriculo-ventricular  conductivity  had  recently  been  shown  to  be 
normal  ;  thirdly,  the  occurrence  of  a  ])eculiar  auscultatory  phenomenon, 
new  to  me  and.  so  far  as  I  am  aware,  unrecorded  ;  and  fourthly  the  ap])ear- 
ance  of  the  pulsus  alteruans  on  some  of  the  occasions  when  there  was  a 
certain  ntimerical  and  time  relationship  between  the  auricular  and  ventricular 
beats  and  explicable  on  grounds  which  absolve  one  from  attaching  the  usual 
grave  jjrognostic  significance  to  that  occurrence. 

CASE  1.  .Mr.  D.,  aged  71,  had  always  had  excellent  health  until 
about  Easter,  I'.tlO,  when  he  began  to  have  pains  in  his  shoulders  followed 
by  pains  in  his  knees  and  hands.  The  knees  became  stiff  and  he  went  to 
Harrogate  for  treatment.  There  he  was  found  to  be  the  subject  of  suppur- 
ative alveolitis,  and  I  understand  that  a  culture  w  as  taken  from  the  discharge 
and  that  a  vaccine  was  jjrepared.  Treatment  with  this  was  begun  and  in 
all  six  injections  were  given  at  intervals  of  ten  daj's.  The  last  injection  was 
given  on  ^londay,  December  the  litth  at  about  11  in  the  forenoon.  .Just 
before  his  midday  meal  he  began  to  have  peculiar  feelings,  which  his  subse- 
quent experience  showed  were  those  which  often  preceded  an  attack,  but  it 
was  not  till  afterwards  that  he  noticed  anything  very  marked.  To  the 
patient  there  was  no  suggestion  of  any  cardiac  condition,  but  the  trouble 
seemed  to  begin  in  the  head  ;  things  in  front  of  him  became  indistinct, 
there  was  a  rushing  feeling  and  then  he  appears  to  have  lost  consciousness. 
His  medical  man,  Mr.  H.  .J.  Roper,  saw  him  at  about  four  o'clock  in  this  first 
attack  and  when  he  was  still  unconscious  ;  at  that  time  the  pulse  was 
infrequent  aiid  irregular,  sometimes  seeming  to  miss  a  beat  and  at  others 
to  stop  altogether  for  a  time.  Between  this  hour  and  my  first  seeing  him 
in  consultation  with  Mr.  Roper,  which  I  did  that  same  night  at  about  10.30, 
he  had  several  attacks  ;  these  were  on  the  w  hole  milder,  but  some  of  them 
were  certainly  attended  with  loss  of  consciousness.  Tlu^  pulse  had  remained 
irregular,  sometimes  seeming  to  stop,  sometimes  missing  a  beat  and  some- 
times remaining  infrequent  for  a  time.  Mr.  Roper  had  to  leave  him  for  some 
little  time   before   we  met  at  his  house.     He  was  then  very  much   better, 
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quite  conscious  and  in  no  \\ay  distressed.  His  ])iilsc  was  beating  at  !S].  was 
(jiiite  legular  during  all  tlie  someA^hat  lengthy  interview  we  had  with  him 
and  was  full  and  Ijounding.  The  tracing  (Fig.  1)  shows  that  the  (t-c  interval 
was  normal,  being  about  one-fifth  of  a  second.  There  was  some  arterial 
thickening,  a  little  enlargement  of  the  heart  and  a  systolic  l>ruit  limited  in 
distril)ution  to  the  apex.  On  February  the  13th.  I'.lll.  1  again  saw  him 
with  Mr.  Koper.     He  had  had  many  attacks  with  the  same  peculiarities  in 
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the  pulse,  which  was  infrequent  in  rate  at  the  time  ^Ir.  Pvoper  telephoned 
to  me.  On  getting  to  the  house,  however,  we  found  the  pulse  regular  and 
beating  at  7!»  and  the  a-r  interval  slightly  shorter  than  before.  On  February 
the  2.'5rd,  Mr.  Roj)er  telephoned  to  me  that  the  ]iatient  had  been  free 
from  attacks  for  some  days  and  that  the  jmlsc  was  then  beating  regtilarly 
at  about  34  per  minute.  On  February  the  L'.">th  1  took  numerous  tracings 
of  Ills  radial  and  jugular  pulses  and  some  of  these  are  shown  in  Fig.  2,  3,  4 
and  5. 

In  Fig.  ~  the  auricles  are  beating  exactly  three  times  as  frequently  as 
the  ventricles  ;  the  distance  from  the  summit  of  the  u  wave  to  the  rise  of 
the   radial   pulse    (sometimes   a   convenient    measurement   to  take)   is   very 
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nearly  iinift)rni,  sonu'tiines  being  one-fit'tli  of  a  second  and  sometimes  slightly 
less  tiian  that.  Taking  this  tracing  by  itself  few,  I  think,  would  fail  to 
interpret  it  as  an  examjjle  of  a  partial  block  in  which  every  third  auricular 
stimulus  passed  from  auricle  to  ventricle.  The  alternative  view  that  the 
block  is  a  coni|)lete  one  and  that  the  strict  multiple  relationshij)  of  auricular 
to  ventricular  beats  is  purely  fortuitous  would  probably  not  be  entertained, 
but  an  examination  of  the  other  tracings,  taken  on  the  same  day  and  within 
a  few  minutes  of  that  shown  in  Fig.  2,  indicate  that  this  is  really  the  case  ; 
for  in  all  of  these  the  block  is  clearly  a  comjjlete  one.  In  Fig.  ."J  the  auricular 
rate  is  seen  to  be  no  longer  a  simple  multiple  of  the  ventricular  rate  and  any 
intcrjirctation  based  on  the  view  that  every  third  auricular  stimulus  gets 
tin'ough  must  carry  with  it  the  untenable  conception  of  an  a-c  interval  which 
progressively  shortens  until  it  vanishes.  In  the  key  printed  under  Fig.  3 
it  will  be  seen  that  the  auricular  systole  marked  4  coincides  in  time  with  a 
ventricular  systole  and  that  as  the  auriculo-vcntricular  ratio  is  as  17  to  <> 
this  event  again  happens  with  the  21st  auricular  systole.  Fig.  4  and  o  do 
not  require  much  explanation  ;  each  of  them  shows  a  condition  of  complete 
block  with  jjrogressive  shortening  of  the  n-c  interval  which  makes  the 
alternative  view  almost  untenable.  Now  all  these  tracings  were  taken 
within  a  few  minutes  of  each  other  ;  I  cannot  say  in  w  hat  order  they  were 
taken,  that  shown  in  Fig.  2  may  have  lieen  taken  between  two  tracings 
both  of  which  show  the  complete  block  ;  the  patient  maintained  a  uniform 
})lacid  demeanour  throughout  and  it  would  be  hard  to  l)elieve  that  the 
block  was  partial  at  one  time  and  complete  at  another,  though  of  course 
this  is  possible.  I  am  therefore  strongly  inclined  to  think  that  in  every 
case  we  have  to  deal  with  a  block  which  is  comjjlete  and  that  the  simple 
multiple  relationship  which  prevails  in  Fig.  2  must  be  accounted  for  by 
the  long  arm  of  coincidence.  On  March  the  4th  I  again  saw  this  patient 
and  found  the  block  still  complete.  One  of  my  tracings  showed  that  the 
auriculo-vcntricular  ratio  was  as  972  to  28  and  another  that  it  was  as  92 
to  26-J.  I  did  not  see  him  again.  Mr.  Roper  tells  me  that  the  pulse  remained 
infrequent,  sometimes  falling  to  20  and  on  one  occasion  being  noted  at  1.8. 
1  understand  he  had  no  further  attacks  but  that  he  slowly  went  down  hill 
and  died   with   a   failing  left    ventricle. 

On  both  occasions  when  the  block  was  complete,  I  noted  the  existence 
of  faint  sounds  dvu'ing  the  long  silences  between  successive  ventricular 
beats.  I  could  not  satisfy  myself  that  I  heard  more  than  one  such  sound 
in  each  silence  ;  it  seemed  to  me  to  follow  the  second  sound  of  the  heart 
at  varying  intervals  in  successive  beats.  I  noted  also  that  the  first  sound 
of  the  heart  varied  markedly,  for  it  was  sometimes  almost  entirely  replaced 
by  the  systolic  bruit  and  at  other  times  it  was  singularly  thumping  in 
character  and  quite  unaccompanied  by  any  bruit.  During  the  time  I 
devoted  to  watching  this  peculiarity  it  appeared  to  me  that  the  thumping 
first  sound  occurred  about  every  8  or  S)  beats  but  I  cannot  say  that  this 
was  constant.     I  shall  refer  to  this  again  late>r  on. 
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CASE  2.  Cliarli-s  l>..  ancd  51.  was  admitted  under  my  eare  on  July 
tlie  IDtli.  1910.  coniplaiiiini;  of  "  rheumatism.'  He  stated  that  lie  liad  had 
I'lieuniatie  t'e\'er  35  years  before.  Tiu'  history  lie  gave  us  of  an  attack  of 
gonorrlicea  some  25  years  ago.  sliortly  before  a  return  of  the  artit'ular 
jiains,  the  fai-t  that  the  tenipoi-o-ma.xilhiry  ]oiiits  had  lieen  affected,  that 
tliere  was  jiain  and  swelling  in  the  metacarpo-jihalangeal  articulations  and 
that  he  had  had  several  attacks  of  iritis  made  it  clear  that  his  rheumatism 
was  at  all  events  in  ])art  of  gonorrlupal  origin.  He  had  been  in  the  Infirmary 
some  20  yeais  jjreviously,  when  a  diagnosis  of  ordinary  rheumatism  was 
a])]iarently  made.  A  s])eeial  note  ap]iears  in  the  record  of  the  case  that 
there  was  no  affection  of  the  heart,  though  occasional  blueness  of  the  li])s 
was  observed,  and  an  ins])ection  of  the  t(Mn|)oi'ature  chart  on  which  the 
))ulse  rate  is  rec(irded  slu)ws  that  on  no  orcasiini  flid  it  fall  below  70  and  that 
it  was  usually  above  SO. 

On  his  admission  under-  nry  ear'e.  though  he  did  not  complain  of  any 
cardiac  syrrrptoms.  a  ver'v  ready  diagnosis  was  made  of  aortic  disease.  The 
o|)inion  was  formed  that  there  was  a  moderate  amoimt  of  r'egurgitation 
with  a  certain  degi'ce  of  true  stenosis.  I  was  doubtful  whether  a  faint 
systolic  bruit  at  the  apex  was  of  mitral  origin,  and  in  that  case  due  to  second- 
ary left  ventricular  dilatation,  or  whether  it  was  merely  the  systolic  aortic 
bruit  transmitted.  The  patient  remained  under  my  care  until  he  was 
discharged  on  December  the  7th  greatly  imjiroved  :  since  then  I  have 
seen  him  frequently.  He  was  treated  with  iodide  of  potash,  of  which  he 
took  30  grains  daily,  from  the  date  of  his  admission  till  August  the  17th 
when  it  gave  ])lacc  to  the  syrup  of  the  iodide  of  ii-on.  The  jiotash  was 
resumed  on  Octolier-  the  15th.  when  the  jjatient  began  to  take  -15  grains 
daily,  this  dose  being  increased  to  60  grains  daily  on  the  23rd  of  the  same 
month,  a  dose  continued  till  his  discharge.  He  was  also  treated  with 
gonococcus  vaccine  and  to  this  I  shall  return  later. 

He  never-  had  any  considerable  cardiac  discomfort  or  dyspnoea  and 
certainly  nothing  suggestive  of  the  Stokes- Adams'  syndrome.  Froirr  the 
date  of  his  admission  till  September  the  Sth  his  ])ulse  usually  varied 
fronr  (!<»  to  S(5.  being  never  more  than  this  and  falling  belo\\  OO  on  thr-ee 
occasions  only,  the  records  being  54,58  and  54.  On  September  the  Sth  the  pulse 
dropped  from  72  to  48,  this  change  not  being  accompanied  by  any  subjective 
phenomena.  From  then  till  October  the  lOth  it  remained  below  50  except 
on  four  occasions,  on  one  of  which  it  reached  52  and  on  three  of  which  it 
was  counted  at  50.  On  one  occasion  it  went  down  to  42  and  very  often 
to  46  and  44.  On  October  the  10th  it  reached  the  lowest  rate  recorded  on 
the  w  ard  chart  during  this  ])hase,  and  was  counted  at  40.  The  same  evening 
it  was  tifi,  and  fronr  then  till  November  the  llth  it  fell  below  60  on  two 
occasioi-rs  only,  being  5(i  orr  ()etober-  the  I3tlr  anil  52  on  the  21st  of  that 
month.  During  this  ])hase  the  pulse  was  more  frequently  above  70  than 
below  that  figure  ;  it  was  often  above  SO  and  on  several  occasions  was 
above  100. 
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He  had  tlie  first  dose  of  f;oiioci)ec'us  vaccine  (5.000,000  organisms)  on 
September  the  7th.  thi'  chiy  licfore  his  entry  into  the  first  slow  phase  of 
cardiac  action.  Siil)seqiicnt  and  much  hirger  doses,  given  (hiring  the 
phases  lioth  of  frc(|iient  aiul  of  infrc(|ucnt  cardiac  action,  failed  to  show 
anv  effect  on  the  jndse. 

In  this  case  very  numerous  tiaciiigs  \\ere  made  and  1  pur)>ose  discussing 
some  of  these,  not  in  chronological  order  hut  in  that  which  will  best  serve 
to  illustrate  the  s))ecial  points  I  desire  to  emphasise. 

The  tracings  siiown  in  Fig.  (>,  7  and  S  were  taken  duiing  the  jihases 
of  fre(|uent  cardiac  acti<in.  as  may  be  seen  from  tlie  dates.  The  explanatory 
key  under  each  tracing  has  l>een  modified  from  the  usual  form,  the  black 
oblong  in  the  carotid  and  vcntriculai-  column  being  intended  to  show  the 
total  duration  of  the  ventricular  contraction.  The  small  portion  left  unshaded 
will  ser\e  to  indicate  more  cleai'ly  the  actual  length  of  the  n-r  interval 
which  is  of  course  slightly  longer  than  the  .l,s-T>Mnterval.  In  Fig.  ti  the  (i-r 
inteival  is  seen  to  be  just  over  two-Hfths  of  a  second.  With  this  lengthened 
((-(■  interval  and  uith  the  heart  beating  at  (>5  the  auricle  enters  into  con- 
traction very  shortly  after  the  rela.xation  of  the  ventricle,  an  event  which 
I  have  taken  as  occuiring  at  the  moment  the  ventricular  wave  in  the  venous 
))ulse  begins  to  fall.  In  the  key  to  Fig.  (5  this  is  indicated  by  the  vertical 
line  fron\  the  auricular  systole  falling  clear  of  the  black  oblong  which  in- 
dicates the  previous  ventricular  contraction.  In  Fig.  7  the  heart  is  seen 
to  be  beating  at  the  rate  of  So  to  8(1  :  each  ventricular  wave  becomes  pregnant 
with  the  auricular  wave  of  the  following  cardiac  cycle,  for  the  auricle  enters 
into  contraction  before  the  ventricle  has  relaxed.  This  is  indicated  in  the 
key  by  the  vertical  line  from  the  auricular  systole  falling  within  the  black 
oblong  which  indicates  the  previous  ventricular  contraction.  In  Fig.  S, 
which  shows  a  pulse  rate  of  (32  to  63  and  in  w  hich  the  a-c  interval  is  not  more 
than  two-fifths  of  a  second  in  length,  it  will  be  seen  that  the  auricular 
contraction  falls  (piite  clear  of  the  ))revious  ventricular  contraction  and  that 
the  n  and  v  waves  are  (piite  separate.  It  would  l)e  difficult  to  inter))ret 
the  tracing  show  n  in  Fig.  7  correctly,  without  the  assistance  of  the  other  two. 
though  its  true  nature  might  be  sus])ected  from  the  very  ])ronounced  and 
sharp  r  wave:  but  if  the  three  tiacings  are  studied  together  thei'c  can.  I 
think,  be  l)ut  one  coiiclusion.  The  precise  length  of  the  a-c  interval  in  Fig. 
7  cannot  be  detiMiuincil  with  (eitaiuty.  for  the  beginning  of  the  auricular 
wave  is  obscurctl  by  the  preseme  of  the  \cntiicular  wave.  r.  with  which 
it  is  coincident,  and  it  may  be  shoitcr  than  I  have  represented  it  in  the 
key. 

In  Fig.  !•  the  auricles  are  seen  to  be  beating  at  77  and  the  ventricles 
at  exactly  half  that  rate  :  every  second  auricular  contraction  is  followed  by 
a  contraction  of  the  ventiicle  at  such  a  time  that  the  <t-c  interval  is  two- 
fifths  of  a  second.  The  time  of  the  carotid  inijiact  is  taken  as  one-tenth 
of  a  second  prior  to  the  radial,  its  actual  incidence  being  obscured  by  the 
existence    of    a    well    marked    post-auricular    wave.     The     most    obvious 
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interpretation  of  this  tracing  is  that  every  second  auricular  stimulus  was 
blocked  and  that  a  condition  of  partial  block  prevailed. 

In  Fig.  10  the  auricles  are  seen  to  be  beating  at  66-6  and  the  ventricles 
at  44-4  or  two-thirds  of  that  rate.  An  examination  of  the  tracing  would 
])robably  lead  most  observers,  as  it  led  me,  to  the  view  that  every  third 
auricular  stimulus  was  blocked.  Against  this  interpretation  is  the  almost 
perfect  uniformity  in  length  of  the  successive  pulse  periods  and,  if  it  is 
adopted,  we  must  assume  that  the  passage  of  the  second  auricular  stimulus 
is  so  sluggish  that  it  leads  to  a  ventricular  contraction  which  occurs  precisely 
midway  between  those  which  result  from  the  more  rapidly  passing  stimuli. 
As  a  rule  I  believe  the  blocking  of  every  third  stimulus  leads  to  alternately 
short  and  long  pulse  jieriods  but  of  course  this  is  not  an  essential  feature. 

To  assume  that  either  of  the  two  previous  tracings  was  taken  during  a 
period  of  complete  block  and  that  the  numerical  relationship  between  the  auricu- 
lar and  ventricular  contractions  was  of  the  nature  of  a  coincidence  would  be  to 
adopt  a  view  which  no  one  would  consider  if  the  tracings  stood  by  themselves. 

Within  a  few  minutes  of  the  time  the  tracing  shown  in  Fig.  10  was  taken, 
with  the  patient  lying  in  the  same  position  and  not  being  conscious  of  any 
change  in  his  feelings,  the  tracing  shown  in  Fig.  11  was  secured.  Now  if 
we  adopt  the  same  view  here,  namely  that  every  third  auricular  imjiulse  is 
blocked,  we  shall  find  that  there  is  a  progressive  lengthening  of  the  a-c 
intervals,  beginning  from  the  ninth  auricular  systole,  and  if  this  view  is 
persisted  in  we  soon  get  to  an  impossible  position.  This  is  shown  in  the  first 
of  the  keys  printed  below  the  tracing.  An  alternative  view  is  indicated  in 
the  second  key  where  the  tenth  auricular  stimulus  is  assumed  to  be  blocked  ; 
if  after  this  we  assume  a  block  of  every  third  auricular  stimulus,  we  again 
find  a  progressive  lengthening  of  the  a-c  intervals,  and  if  we  again  attempt 
to  evade  the  consequences  of  this  by  assuming  that  the  fifteenth  auricular 
stimulus  is  blocked,  as  is  indicated  in  the  third  key,  we  again  find  the  same 
progressive  lengthening  of  the  a-c  intervals.  Taking  this  tracing  by  itself, 
the  conception  of  a  complete  block  is  the  most  natural  one,  though  it  must 
be  noted  that  a  pulse  rate  of  44  is  higher  than  is  usually  noted  in  such  cases. 
It  is  not  likely  that,  in  these  two  tracings  (Fig.  10  and  11),  we  have  records 
respectively  of  partial  and  of  complete  block,  taken  as  they  were  within  a 
few  minutes  of  one  another  and  characterised  by  the  same  pulse  frequency. 
They  are  both  probably  examples  of  the  same  thing,  that  is  to  say  either  of 
complete  or  of  partial  heart-block.  To  the  latter  view  I  incline,  though 
the  difficulties,  which  its  application  to  the  interpretation  of  Fig.  11  involves 
are  great.  It  may  be  that  when  two  out  of  three  impulses  pass  from  the 
auricle  to  the  ventricle  this  involves  an  amount  of  work  which  leads  to 
exhaustion  of  the  auriculo-ventricular  bmidle,  manifested  by  a  progressive 
lengthening  of  the  a-c  intervals  and  culminating  in  the  second  of  these  being 
ultimately  blocked  as  is  indicated  by  the  asterisk  in  the  second  key  to  the 
figure.  This  leads  to  some  recovery  in  conductivity  and  again  two  successive 
impulses  succeed  in  passing,  namely  numbers  11  and  12;  the  blocking  of 
number  13  improves  the  conductivity  only  so  far  that  the  a-c  interval  is 
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reduced  to  3;\-fifths  of  a  second  and  again  the  next  auricular  stimulus, 
No.  15,  is  blocked,  as  is  indicated  by  the  asterisk  in  the  third  key  diagram  ; 
or  it  may  be  that  the  continuation  of  the  second  key  represents  the  state 
of  affairs,  namely  that  15  gets  through  and  that  the  block  affects  16  and  18. 

The  next  two  tracings,  Fig.  12  and  13,  show  the  presence  of  one  extra- 
systole  in  eacli,  and  a  study  of  these  tracings  is  interesting  though  surrounded 
with  difficulties.  In  the  intercalated  diagram  of  Fig.  12  I  have  simiily 
shown  the  time  relationships  of  the  auricular  systoles  and  carotid  impacts  ; 
in  the  subjoined  key  diagram  I  have  attempted  an  interpretation.  It  starts 
on  the  conce])tion  of  every  third  stimulus  being  blocked,  and  here  again  we 
find  a  gradual  lengthening  of  the  coupled  a-c  intervals  as  before.  There 
can  be  no  doubt  that  the  beat  which  is  marked  by  the  asterisk  is  really  an 
extrasystole  ;  it  cannot  be  due  to  a  normal  stimulus  coming  from  the  auricle, 
for  in  that  case  the  ninth  auricular  stimulus  would  have  to  be  more  rapid 
than  the  eighth.  Eegarding  it  as  ventricular  in  origin,  we  may  assume 
that  the  ninth  auricular  stimulus  is  blocked,  this  being  in  harmony  with  the 
third  and  sixth  being  blocked.  If  the  ninth  stimulus  is  blocked  we  may 
assume  that  the  tenth  passes  through,  as  is  suggested  by  the  dotted  line. 
There  is  of  course  no  evidence  in  the  presence  of  a  ventricular  systole  that 
this  stimulus  really  does  pass,  but  it  is  in  numerical  series  with  numbers  1, 
4  and  7,  and  if  it  reaches  the  ventricle  during  its  refractory  period  there  will 
of  course  be  no  direct  evidence  of  its  passage.  Now  if  stimulus  number  10 
passes  there  should  be  a  considerable  delay  in  the  passage  of  the  next  stimulus, 
which  is  not  the  case.  I  suppose  it  is  possible  to  regard  the  extrasystole 
as  being  of  auriculo-ventricular  origin  and  arising  in  or  about  the  node  ; 
the  shght  sinus  irregularity  which  prevails  makes  it  impossible  to  say 
definitely  whether  the  tenth  auricular  systole  is  or  is  not  premature,  so  we 
cannot  get  assistance  from  that  ;  but  if  the  extrasystole  be  really  auriculo- 
ventricular  in  character  then  the  conducting  fibres  will  have  had  a  longer  rest 
and  the  undue  shortening  of  the  following  a-c  interval  need  not  surprise  us  so 
much.  On  the  basis  of  the  block  being  a  com^jlete  one  and  no  stimuli  passing 
from  auricle  to  ventricle  I  suppose  we  would  see  in  the  practical  identity  in 
length  of  the  post-extrasystolic  r)ause  and  the  usual  pulse  intervals  an  example 
of  the  peculiar  rhythm  described  by  Wenckebach  in  cases  of  complete  block. 

The  next  tracing.  Fig.  13,  on  superficial  inspection  appears  much  the 
same,  but  in  the  first  ]ilace  the  post-extrasystolic  pause  is  distinctly  longer 
than  the  usual  pulse  intervals  of  the  rest  of  the  tracing,  and,  in  the  second 
place,  if  we  proceed  on  the  basis  of  every  third  stimulus  being  blocked,  we 
shall  find  we  have  to  deal  with  an  a-c  interval  which  is  progressively  shortening 
and  not  lengthening  as  in  tracing  12.  Again  the  extrasystole  occurs  just  after 
the  more  rapid  passage  of  an  auricular  stimulus,  which  is  not  the  case  in 
Fig.  12.  Let  us  regard  the  extrasystole  as  being  ventricular  in  origin. 
It  is  not  clear  what  happens  to  the  14th  auricular  stimulus.  If  there  had 
not  been  any  extrasystole  it  would  doubtless  have  passed,  being  in  series  with 
numbers  2,  5,  8  and  11,  and  following  on  the  short  a-c  interval  of  the  13th 
auricular  stimulus.     Probably  however  the  occurrence  of  the  extrasystole 
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has  led  to  the  blocking  of  the  14th  auricular  stimulus,  and,  in  consequence 
of  this  arrest  in  the  work  of  the  auriculo-ventricular  bundle,  the  conducting 
media  have  had  a  longer  rest,  with  the  result  that  the  15th  auricular  stimulus 
passes  through,  though  we  should  otherwise  have  expected  it  to  be  blocked, 
as  it  is  in  numerical  series  with  the  blocked  stimuli  numbered  3,  6,  9  and  12. 
In  the  latter  part  of  the  tracing  we  must  assume  that  three  auricular  stimuli, 
namely  numbers  20,  21  and  22,  pass  in  succession  for  if  number  22  is  as- 
sumed to  be  blocked,  then  the  next  stimulus,  that  namely  from  number  23, 
must  pass  in  one-fifth  of  a  second  ;  and  if  thereafter  we  adhere  to  the  view 
that  two  beats  of  the  auricle  are  effective  in  causing  ventricular  contractions 
and  that  the  third  is  blocked,  then  the  26th  auricular  stimulus  must  pass 
in  less  than  one-fifth  of  a  second  and  when  we  come  to  the  29th  we  find  that 
the  a-c  interval  has  lessened  to  extinction.  Assuming  the  view  expressed 
in  the  key,  namely  that  20,  21  and  22  all  pass,  the  resumption  of  the  con- 
dition in  which  the  block  affects  every  third  stimulus  again  shows  a  jDro- 
gressive  shortening  of  the  a-c  intervals  as  far  as  the  tracing  carries  us.  There 
is  of  course  the  possibility  that  the  extrasystole  is  of  auriculo-ventricular 
origin  the  stimuhis  reaching  the  auricle  sooner  than  it  reaches  the  ventricle. 

The  matter  is  not  cleared  up  by  a  consideration  of  Fig.  14  and  15. 
In  the  former,  if  the  view  of  a  partial  block  is  entertained,  a  difficulty  is 
at  once  raised  by  the  absence  of  any  shortening  of  the  a-c  interval  after  the 
blocking  of  a  stimulus  or  of  any  lengthening,  except  in  the  case  of  the  7th, 
when  two  or  more  pass  in  succession.  This  might  make  one  incline  to  the 
view  of  the  block  being  complete  and  to  the  short  pulse  spaces  being  due 
to  extrasystoles  of  the  kind  described  in  complete  heart-block  by  Wenckebach, 
which  have  already  been  referred  to.  The  earlier  pulse  periods  in  the  tracing 
are  8.^  fifths  of  a  second  in  duration,  indicating  ai)ulse  rate  of  between  36  and 
37.  Making  allowance  for  the  slight  difference  in  frequency  of  the  pulse,  this 
part  of  the  tracing  was  exactly  like  that  shown  in  Fig.  !i,  the  number  of 
auricular  beats  being  exactly  double  that  of  the  ventricular  and  the  a-c  in- 
tervals, in  association  with  every  second  auricular  contraction, uniform  in  dura- 
tion ;  this  is  a  coincidence  which  is  not  likely  to  arise  in  heart-block  if  complete. 

In  Fig.  15  the  same  difficulties  arise.  On  the  view  of  a  partial  block 
we  have  the  difficulty  of  the  singular  uniformity  in  tiie  duration  of  the  a-c 
interval  under  conditions  of  varying  stress  on  the  conducting  structures  ; 
on  the  view  of  the  block  being  complete  we  have  to  accept  the  latter  part 
of  the-  tracing  as  the  expression  of  a  continuous  discharge  of  ]n"emature 
systoles  of  the  ventricle  of  the  kind  described  by  Wenckebach  and  yet  arising 
so  uniformly  that  the  a-c  intervals  are  practically  equal,  a  condition  against 
which  the  odds  are  altogether  overwhelming.  The  tracings  taken  on  the  same 
day  showed  long  periods  in  which  the  same  characters  prevailed  as  are  seen 
towards  the  end  of  the  figure,  namely  a  pulse  rate  of  about  67  to  70  conforming  in 
frequency  with  the  auricularsystoles  and  with  a  singularly  uniform  a-c  interval, a 
condition  which  heightens  the  improbability  of  the  block  being  a  comialete  one. 

In  this  second  case  therefore,  the  difficulty  of  determining  whether  the 
block   is  a  complete   or  partial  one,  or  whether  it  is  sometimes   the  one  and 
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sometimes  the  other,  is  very  great.      In  discussing  Fig.    11,   12  and   13,  I 
have  referred  to  the  progressive  lengthening  of  tlie  a-c  interval,  which  occurs 
in  the  two  former,  and  to  the  shortening  wliich  occurs  in  tlie  latter,  and  I 
have  made  some  attempt  to  explain  these  changes  on  the  basis  of  the  block 
being  a  ])artial  one.     They  are  of  course  also  ex]>lical)le  on  the  basis  of  the 
block  being  complete.     If,  as  in  Fig.  11    and    12,  three  interauricular  spaces 
are  less  than  two  interventricular  or  pulse  spaces,  then,  be  the  block  partial 
or  complete,   there   will   be   a  progressive  lengthening  of  the  a-c.  interval  ; 
on  the  other  hand  if,  as  in  Fig.  13,  three  interauricular  sjiaces  are  more  than 
two  interventricular  spaces,  there  will  be  a  progressive  shortening.     If  we 
revert  for  a  moment  to  Fig.  0  and  10,  we  find  that  in  the  former  two  auricular 
spaces  are  exactly  equal  to  one  pulse  period  and  that  in  the  latter  three 
auricular  periods  are  exactly  equal  to  two  pulse  periods  ;    in  consequence 
the  former  shows  a-c  intervals  of  uniform  length  and  the  latter  alternately 
short  and  long  a-c  intervals,  all  the  short  ones  being  of  the  same  length  and 
all  the  long  ones  being  of  the  same  length.     I  commented  on  the  improba- 
bihty  which  might  be  supposed  to  attach  to  a  perfect  correspondence  in 
length  between  say  three  auricular  sj)aces  and  two  ventricular  spaces,  but 
after  all  they  must  either  be  equal  as  they  are  in  Fig.   10,  or  one  group  of 
events  must  exceed  the  other  in  duration,  of  which  exanijiles  have  just  been 
given  in  Fig.  11,12  and  13.      It  is  the  long  continuance  of  a  definite  relation- 
ship, be  it  one  of  strict  equality  or  of  slight  but  constant  excess  on  the  part  of 
one  groujj  or  the  other,  that  is  so  much  against  the  existence  of  a  complete 
block.     Anything  which  tells  against  a  partial  block  is  in  favour  of  the  block 
being  complete  and  I  may  here  again  point  out  that,  in  Fig.  10,  11,  12  and  13 
on  the  one  hand,  and  in  Fig.  14  and  15  on  the  other,  the  same  explanation, 
namely  that  of  every  third  stimulus  being  blocked,  involves  us  in  the  difficulty 
that  in  the  former  grouji  there  is  a  marked  lengthening  of  the  second  period 
of  conduction  while  in  the  latter  the  conduction  periods  are  all  jDractically 
equal.     If  we  assume  that  the  block  is  really  a  complete  one,  in  spite,  be  it 
noted,  of  the  fact  that  the  ventricular  rate  is  usually  too  high  for  the  ready 
acceptance  of  this  view,  the  interpretation  of  Fig.  12  becomes  easier  ;   for  we 
note  that  the  post-extrasystolic  pause  is  ecpial  to  the  ordinary  pulse  jjeriod, 
but  the  same  does  not  hold  good  in  Fig.  13,  for  here  that  period  is  distinctly 
longer,  a  point  strongly  against  complete  block.     Of  course  a  block  may  be 
at  one  time  partial  and  at  another  complete,  but  in  this  case  we  are  not  helped 
by  this  consideration  for  we  should  have  to  assume  very  frequent  changes  and 
that  these  occurred  without  any  subjective  phenomena.     Upon  the  whole, 
though  some  of  the  tracings  point  strongly  to  a  condition  of  complete  block, 
I  incline  to  the  opinion  that  the  block  has  been  a  j^artial  one  throughout. 
This  view  seems  to  me  to  involve  one  in  fewer  and  less  formidable  difficulties. 
I  must  admit  that  its  acceptance  may  make  it  difficult  logically  to  accept 
as  certain  my  conclusion  as  to  the  completeness  of  the  block  in  my  first  case. 
I  shall  not  re-open  that  question  for  I  think  I  have  said  enough  to  indicate 
some  of  the  difficulties  which  arise  in  the  distinction  between  partial  and 
complete  heart-block.     If  it   lie  accepted  that  in  the   iirst  case  the   block 
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was  a  complete  one,  the  demonstration  of  a  normal  a-c  interval  very  shortly 
before  is  noteworthy  though  this  has  been  observed  by  others. 

The  auscultatory  phenomenon  to  which  I  wish  to  call  attention  was 
noticed  by  me  in  CASE  2  at  a  time  when  the  pulse  was  beating  infrequently. 
Subsequent  observations  showed  that  it  occurred  only  when  the  auricular 
contractions   were  more  frequent   than   the   ventricular.     The  sign   was  a 
striking  alteration  in  the  character  of  the  first  sound  of  the  heart  as  heard 
at  the  apex.     Every  few  beats  this  was  singularly  thumping  and  emphatic 
in  character,  reminding  one  rather  of  the  loud  first  sound  which  one  gets 
in  cases  of  mitral  stenosis  but  duller  than  this.     The  abnormal  sign  sometimes 
appeared  rhythmically  every  three  or  four  beats,  but  at  other  times  might 
not  be  heard  for  eight  or  nine  beats,  and  on  many  occasions  it  «'as  not  to  be 
heard  at  all.     The  sign  was  a  very  striking  and  obvious  one  and  I  confirmed 
my  own  imjiressions  by  getting  my  colleague.  Dr.   Barrs,  and  my  house 
physician,  Mr.  A.  E.  Taylor,  to  listen  independently.     I  then  took  the  tracing 
shown  in  Fig.  16.     Mr.  Taylor  auscultated  the  heart  and  every  time  he  heard 
the  first  sound  thudding  in  character  he  called  out  and  I  made  a  small  mark 
on  the  passing  tracing.     These  marks  on  the  tracing  have  been  enlarged 
into  circles.     The  key  printed  below  the  tracing  must  not  be  taken  as  doing 
more   than  showing  the  number  and  time  relationships  of  the  auricular 
and  ventricular  systoles.     I  waive  the  question  as  to  whether  the  block  is  a 
partial  or  a  complete  one.     What  the  tracing  does  show  is  that  when  the 
thudding  character  of  the  first  sound  was  observed  the  auricle  and  the 
ventricle   began   their   contraction   about   the   same   time.     Probably  it  is 
essential  that  the  auricle  should  be  in  systole  at  the  time  when  the  ventricle 
enters  into  contraction  for   the   production   of  this  pecuUar  sign.     When 
describing  my  first  case  I  mentioned  a  similar  occasional  peculiarity  of  the 
first  sound  and  pointed  out  that  when  this  existed  there  was  a  disappearance  of 
the  systoUc  bruit  at  the  apex.    This  patient  did  not  come  under  my  notice  till  I 
had  made  the  above  observations  and  I  was  not  surprised  on  examining  my 
tracings  to  find  that  from  time  to  time  the  auricular  and  the  ventricular  systole 
coincided  in  time.     In  this  case  I  was  not  able, being  single-handed  at  the  time 
I  made  the  later  tracings,  to  have  simultaneous  auscultatory  observations  made. 
The  last  point  on  which  I  wish  to  comment  is  the  appearance  from  time 
to  time  in    CASE   2   of  the  pulsus  alternmis.     There  are  of  course  several 
conditions  which  lead  to  the  appearance  of  alternately  large  and  small  beats 
at  the  wrist  and  we  must  clearly  discriminate  between  the  pulsus  higeminus 
and   the   pulsus    alternans.      If    from    any    cause    the    ventricle    contracts 
before   its    projier    time     the     systole     will    be    a     feeble    one    and    the 
arterial   j^ulse    will    be    small.      This    is    of    course    no    reflection    on    the 
cardiac  musculature  which  has  been  called  upon  to  contract  before  it  has 
had  time  to  store  up  energy.     In  the  pulse  the  small  beat  is  premature,  the 
time  between  the  large  beat  and  the  small  one  is  less  than  that  between  the 
small  beat  and  the  large  one,  and  we  have  here  an  example  of  the  pulsus 
higeminus.     Wlien  however  the  ventricle  enters  into  contraction  at  regular 
intervals  and  each  alternate  contraction  is  feeble,  we  find  that  the  alternate 
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large  and  small  arterial  beats  which  result  frona  this  are  more  or  less  ev'enly 
spaced.  The  small  beat  is  separated  from  the  large  one  which  precedes  it 
by  at  least  as  great  a  period  of  time  as  separates  it  from  the  following  more 
powerful  beat  ;  in  other  words  the  small  beat  is  not  a  iDremature  one,  usually, 
indeed,  it  is  shghtly  delayed,  being  the  result  of  a  feeble  contraction  of  the 
ventricle.  This  is  the  pulsus  alternans  and  it  is  usually  regarded  as  carrying 
with  it  a  very  grave  jjrognosis  and  as  being  a  severe  reflection  on  the  cardiac 
musculature  which  has  not  the  excuse  afforded  by  a  premature  demand  on 
its  energies  for  a  feeble  response  on  every  second  occasion. 

This  condition  of  pulse  is  shown  in  Fig.  17.  The  smaller  pulse  beats 
are  separated  from  the  preceding  beats  by  longer  intervals  than  they  are 
separated  from  those  which  succeed  them.  The  venous  tracing  shows  that  the 
auriculo-ventricular  ratio  is  as  three  to  two.  Again  I  waive  the  question 
as  to  the  character  of  the  block,  whether  it  is  complete  or  partial.  Every 
third  auricular  systole  corresponds  in  time  with  a  contraction  of  the  ventricle 
and  it  is  always  this  effort  of  the  ventricle  which  is  attended  with  a  small 
and  delayed  radial  pulse.  I  think  it  must  lie  somewhat  of  a  handicap  for 
the  ventricle  to  contract  at  the  same  time  as  the  auricle.  There  may  be 
another  explanation  of  this  peculiarity  in  the  pulse  or  more  than  one.  I 
should  think,  but  I  cannot  be  sure,  that  the  ventricle  will  find  itself  more 
fully  charged  with  blood  when  it  is  about  to  enter  on  the  contraction  which 
leads  to  the  larger  radial  pulse.  If  this  is  the  case  I  can  understand  the 
alternately  large  and  small  pulse  in  the  arteries,  but  I  do  not  think  this 
explanation  will  cover  the  delay  in  the  smaller  beat  as  manifested  at  the 
wrist.  Be  the  explanation  what  it  may,  the  point  I  desire  to  emphasise 
is  that  no  gravity  attaches  to  the  appearance  of  the  pulsus  alternans  under 
these  circumstances  and  that  there  is  no  reflection  on  the  ventricular  mus- 
culature, which  is  sinned  against  ratlier  than  sinning.  It  was  only  when  the 
auriculo-ventricular  ratio  was  as  three  to  two  and  when  in  addition  there 
was  a  coincidence  in  time  between  every  third  auricular  systole  and  every 
second  ventricular  systole  that  this  pulsus  alternans  Mas  observed,  and  it 
should  be  mentioned  that  these  conditions  did  not  always  lead  to  its  presence. 
The  conditions  prevail  apparently  in  Fig.  10  and  in  the  latter  part  of  the 
tracing  a  very  slight  degree  of  true  alternation  may  be  seen,  but  in  some 
of  my  tracings,  though  the  conditions  prevailed,  there  was  not  the  slightest 
indication  of  its  existence. 

The  influence  of  a  dose  of  atrojjine  in  the  accentuation  of  this  condition 
should  be  mentioned.  The  tracing  which  shows  the  condition  in  an  ill-marked 
form  (Fig.  10)  was  taken  just  before  the  administration  hypodcrmically  of  one- 
hundredth  of  a  grain  of  atrojiine;  that  shown  in  Fig.  1 7  \\  as  taken  very  shortly 
after  the  drug  had  been  given.  The  atropine  did  not  produce  anj^  subjective 
phenomena  nor  did  it  increase  the  frequency  of  the  auricular  systoles,  but 
a  comparison  of  the  two  tracings  and  of  others  taken  before  and  after  the  injec- 
tion makes  it  clear  that  the  condition  was  markedly  accentuated  by  the  drug. 
Whether  the  administration  of  atropine  tends  to  cause  an  alternans  action  of  the 
ventricle  when  the  auriculo-ventricular  rhythm  is  normal  I  am  not  able  to  say. 


IRREGULARITY  OF  THE  HEART'S  ACTION  IN  HORSES  AND 
ITS  RELATIONSHIP  TO  FIBRILLATION  OF  THE  AURICLES  IN 
EXPERIMENT    AND    TO    COMPLETE    IRREGULARITY    OF    THE 

HUMAN    HEART. 

By    THOMAS    LEWIS.* 

(From    the    Cardiographic     Department,     University     College     Hospital 

Medical  School). 

T0WARD.S  the  termination  of  the  observations  made  upon  complete  irre- 
gularity of  the  heart's  action  in  the  human  subject,  a  full  report  of  which  was 
published  in  Heart  in  March,  1910,  it  occurred  to  me  that  if  I  could  find  a 
similar  pathological  affection  in  any  of  the  lower  animals,  it  might  finally 
settle  the  nature  of  the  irregularity  with  which  I  had  to  deal. 

My  clinical  observations  and  my  experiments  all  j^ointed  in  one  direction, 
and  I  felt  confident  that  the  disorder  of  the  ventricular  movements  was  in 
reality  the  outcome  of  fibrillation  of  the  auricles.  The  discovery  of  a 
similar  irregularity  in  one  of  the  lower  mammalia  would  provide  an  oppor- 
tunity of  putting  the  matter  to  a  direct  test,  for  an  animal  so  affected  might 
be  opened  and  the  heart  inspected  as  it  beat  in  situ. 

My  attention  was  directed  especially  to  tlie  domesticated  animals,  for 
they  have  a  similar  environment  to  man  and  are  under  observation  and 
control.  I  first  thought  of  the  dog,  and  made  a  number  of  enquiries  in 
regard  to  the  pathological  mechanism  of  the  heart  in  tliis  animal,  but 
eventually  abandoned  the  search  because  of  the  marked  respiratory  arrhyth- 
mia which  the  clog  exhibits.  I  had  no  hope  of  obtaining  the  material  I 
recpiired  from  this  source,  if  it  exists,  for  on  account  of  its  obvious  rarity 
and  the  presence  of  the  natural  arrhythmia,  I  could  neither  collect  it  myself, 
nor  rely  upon  the  observations  of  others  in  identifying  the  irregularity 
sought. 

Horses  became  the  next  subjects  of  search.  The  relative  frec^uency 
with  which  these  animals  are  vetted,  and  the  regularity  of  the  heart's  action 
in  horses  suggested  that  they  might  be  a  suitable  hunting  ground  ;  and  I 
was  encouraged  by  the  description  in  several  veterinary  text  books  of  a  rare 
affection  of  the  horse's  heart  under  the  term  "  tumultuous  action  of  the 
heart."  But  I  should  not  have  been  successful  had  it  not  been  for  the 
great  kindness  of  Professor  Woodruff  of  the  Royal  Veterinary  College,  and 
for  that  of  Major-General  F.  Smith,  who  was  then  chief  of  the  Royal  Army 
Veterinary    Corps.     While    Professor    Woodruff    arranged    that    a    careful 
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search  should  be  made  amongst  horses  attending  the  out-patient  department 
at  the  Veterinary  College,  General  Smith  very  kindly  sent  circulars  of  enquiry 
to  the  various  depots  under  his  command.  I  was  able  to  interest  a  number 
of  other  veterinary  men,  both  in  London  and  the  provinces.  In  this  manner 
a  very  large  number  of  animals  came  under  observation  from  the  required 
point  of  view  ;  and,  although  the  affection  is  of  great  rarity  in  horses,  I  have 
been  fortunate  enough  to  collect  notes  and  observations  upon  five  animals. 
These  notes  and  observations  are  by  no  means  complete.  The  difficulties 
connected  with  such  work  are  considerable.  It  has  to  be  carried  out  in 
places  ill  suited  to  it  and  observations  are  often  hampered  by  the  prejudice 
of  the  owner  or  by  official  restrictions.  Nevertheless,  the  material  which 
has  been  gathered  seems  of  sufficient  interest  and  importance  to  permit 
its  publication  in  detail  at  the  present  time. 

Horse  1.  This  animal  was  seen  at  Colchester  through  the  courtesy  of 
General  Smith.  It  was  a  gelding  cob  of  15  hands  3 J  inches.  The  age  was 
nine  years.  The  horse  had  come  under  observation  seven  months  previously, 
when  it  showed  symptoms  which  prevented  it  from  working.  Irregularity 
of  the  heart's  action  was  noted  :  when  gallojjed  a  hundred  yards  the  animal 
became  acutely  distressed,  foaming  at  the  mouth  occurred,  the  breathing 
became  laboured  and  eventually  the  animal  staggered  and  fell.  At  times 
there  was  haemorrhage  from  the  nostrils.  A  large  pulsation  at  the  root  of  the 
neck  and  in  the  neck  itself  had  been  noted,  and  this  was  stated  to  be  increased 
by  exertion.  There  was  rarely,  if  ever,  any  cyanosis.  The  arterial  pulse 
was  usually  counted  at  14-16  beats  ])er  minute.* 

The  animal  was  examined  in  its  stable  at  Colchester  on  December 
the  4th,  1909.  The  pulse,  which  was  palpable  in  the  superficial  temporal 
and  submaxillary  arteries,  was  feeble.  Its  rate  lay  between  20  and  50  per 
minute,  varying  very  considerably  from  time  to  time.  It  was  absolutely 
irregular  in  force  and  in  rhythm.  Sometimes  a  long  jiause  was  felt,  some- 
times a  run  of  a  few  quick  beats  ;  at  other  times  beats  of  very  varying 
lengths  followed  each  other  irregularly.  The  pulse  rate  increased  markedly 
(from  40  to  90  beats  per  minute)  with  light  exercise.  At  the  root  of  the  neck 
pulsation  of  a  general  welling  character  was  visible  and  it  could  be  followed 
along  the  external  jugular  veins  as  far  as  the  middle  of  the  neck.  It  was 
easil}'  palpable  with  the  finger,  and  the  veins  in  which  it  occurred  were 
obviously  distended.  The  pulsation  was  synchronous  with  the  arterial 
pulsation,  but  slightly  more  frequent  in  its  incidence.  The  heart  was 
auscultated  and  the  irregularity  in  its  characteristic  form  could  be  clearly 
identified.  The  first  and  second  heart  sounds  seemed  clear,  no  adventitious 
sounds  were  audible.  There  was  no  cyanosis,  but  there  was  dropsy.  The 
legs  were  puff}'  and  the  most  dependent  portions  of  the  belly  pitted  very 
readily  on  pressure.     A  great  deal  of  time  was  spent  in  attempts  to  obtain 


*  The  normal  rate  is  3.")-4H   beats  per  minute. 
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graphic  records  of  the  movements,  but  they  were  only  partially  successful. 
Simultaneous  records  were  out  of  the  question,  on  account  of  the  restiveness 
of  the  animal.     A  few  arterial  and  venous  curves  were  obtained  separately. 

A  short  strij)  of  arterial  curve  taken  from  the  superficial  temporal 
artery  is  shown  in  Fig.  1.  The  rate  for  the  six  Ijeats  shown  is  43,  and  the 
beats  have  respective  lengths,  in  fifths  of  seconds,  of  10,  5,  6-3,  4-7,  6-4  and 
9-0.  Another  strip  in  my  possession  shows  beats  in  fifths  of  seconds  as 
follows  :— 7-5.  11-8,  6-5.  'i-2,  4-2.  11-2,  6-4,  7-4,  7-8.  6-0,  4-4.  1.5-7,  6-2,  7-8. 
7-C,  13-3  (5-3,  7-7,  13-7  ;    an  average  rate  of  32  beats  per  minute. 

Strips  of  the  venous  ])ulsation  in  the  external  jugulars  are  shown  in 
Fig.  2,  3  and  4.  The  pulsation  was  carefully  timed  subjectively,  and  the 
sharp  upstroke  ending  in  a  pointed  peak  synchronised  with  the  arterial 
pulsation.  At  times  a  beat  was  recorded  from  the  veins  w  hen  no  pulsation 
in  the  artery  was  felt.  The  tracings  of  the  venous  pulsations  are  of  the 
characteristic  plateau  form  and  during  the  diastole,  where  this  is  long,  a 
stasis  wave  is  seen  and  there  are  fine  oscillations  upon  it,  (especially  well 
seen  in  the  long  pause  of  Fig.  3  and  4). 

The  animal  was  shot  and  a  post-mortem  was  made.  The  pericardium 
was  thickened  and  enveloped  in  fat.  The  mitral  and  tricuspid  valves 
seemed  a  little  thickened.  The  muscle  of  the  ventricles  was  thick  and 
friable.  There  were  some  large  patches  of  fibrosis  in  the  left  auricle.  The 
lungs,  abdominal  viscera  and  arteries  appeared  normal.  The  heart  was  sent 
to  Dr.  Cohn  of  New  York. 

Horse  2.  The  following  notes  are  abstracted  from  a  War  Office  report. 
The  animal  was  16  years  of  age  and  had  seen  9  years  service  in  the  South 
Wales  Borderers.  It  had  been  under  observation  for  some  while  for  poor 
condition  and  wasting  ;  until  4  days  before  admission  it  had  worked  satis- 
factorily. It  was  brought  to  the  sick  lines  on  December  the  28tli,  1909, 
having  refused  its  food.  The  pulse  was  counted  at  between  80  and  90. 
The  temperature  was  lOS^"  Fahr.*  The  respiration  was  hurried,  25  to  the 
minute, t  and  there  was  evidence  of  pain,  the  animal  looking  continually 
round  to  the  side.  The  horse  refused  food  and  water.  Regurgitation 
through  the  jugulars  was  extraordinarily  conspicuous,  and  quite  apparent 
from  the  other  end  of  the  loose  box  in  which  it  was  stalled.  On  palpation 
it  resembled  an  arterial  pulse,  so  vigorous  and  strong  was  the  beat.  Con- 
gestion of  the  visible  nmcous  membranes  was  present,  liut  only  slightly, 
and  this  probably  by  reason  of  the  aniemic  condition  of  the  animal.  Pain 
was  manifested  on  manipulation  of  the  cardiac  area.  Auscultation  of 
the  heart  revealed  a  confused,  irregular  and  excessive  action  of  the  heart. 

Treatment  was  expectant.  Mustard  was  apislied  over  the  ribs  of  the 
cardiac  region.     On  the  29th  the  high  temperature  was  maintained  and  the 

*  The  normal  temperature  of  tlie  horse  is   100-4-100-9°  Fahr. 
■[*  The  normal  resjiiratory  rate  is  8-10  per  minute. 
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pulse  was  unaltered.  The  venous  pulsation  was  less  and  the  pain  seemed 
relieved.  A  Inan  mash  was  eaten  with  some  show  of  hunger.  On  the 
30th  the  tem]ierature  fell  to  102°  and  the  pulse  and  respiration  seemed 
improved  ;  little  or  no  jugular  pulsation  was  evident.  Hay  and  mashes 
were  taken.  The  heart's  action  is  said  to  have  heen  normal  on  this  day. 
On  the  31st  the  temiieraturo  rose  again,  but  no  other  sym])toms  rea])peared. 
From  this  time  until  the  night  of  January  the  2nd  the  condition  was 
unchanged.  On  that  night  a  relapse  occurred,  the  animal  refused  food  and 
water  and  again  showed  evidence  of  pain.  There  is  no  note  of  the  pulse 
condition  at  this  time.  On  the  morning  of  the  3rd,  death  occurred  un- 
expectedly. The  horse  was  found  down  in  its  stall  with  the  neck  bent  under 
the  body.  He  apijarently  fell  suddenly  and  with  great  force  against  the  iron 
manger,  fracturing  the  cranium. 

At  the  post-mortem  the  skull  was  found  fractured.  The  heart  apj^eared 
to  be  abnormal.  It  was  unhealthy  in  colour,  its  walls  were  hypertrophied, 
a  few  white  spots  were  visible  on  the  endocardium,  whilst  the  pericardium 
was  also  thickened  and  slightly  dropsical.  The  valves  were  unaltered.  The 
unexpected  death  of  the  horse  precluded  my  seeing  it. 

Horse  3.  The  observations  upon  this  mare  were  made  through  the 
kindness  of  Sir  J.  Macfadyean  and  Professor  Woodruif . 

It  was  a  cart  horse,  aged  15  years,  16J  hands  in  height.  The  past 
history  was  unknown.  It  was  taken  to  the  Veterinary  College  on  account 
of  breathlessness  and  staggering  occasioned  for  some  months  by  exertion. 

I  saw  this  horse  on  a  number  of  occasions  in  January,  1910.  The  pulse 
was  feeble  and  continuously  and  completely  irregular  ;  the  rate  was  from 
40-160  per  minute.  The  heart  sounds  were  clear  ;  there  were  no  murmurs. 
Little  or  no  venous  pulsation  was  visible  in  the  neck  while  the  animal  stood 
in  its  stall,  but  it  became  prominent,  and  the  rate  of  the  heart  beat  increased, 
when  it  trotted  a  few  hundred  yards.  The  exertion  also  jjroduced  con- 
spicuous dyspnrea. 

Upon  February  the  12th,  1910,  the  horse  was  transported  to  some 
stables  in  the  neighbourhood  of  University  College  Hospital  Medical  School 
and  the  stall  was  connected  to  the  galvanometer.  Curves  were  obtained 
by  wra]iping  large  pieces  of  cotton  wool,  soaked  in  saline,  around  metal 
electrodes  and  fastening  these  to  the  limbs  or  chest  wall.  The  lead  first 
adopted  was  from  the  right  axilla  to  the  left  groin  ;  curves  were  obtained 
which  are  exemjjlified  in  the  third  strip  of  Fig.  5.  Tlu'  curve  may  be  comjjared 
with  that  taken  from  a  horse  by  Einthoven  (and  published  as  Fig.  203  in 
Ellenberger  and  Scheunert's  "  Lehrbuch  der  vergleichenden  Physiologie 
der  Haussaugetiere,"  Berlin,  1910).  Take  first  the  ventricular  complexes 
marked  R.  »S'  and  T  ;  these  portions  of  the  curves  are  almost  ])recisely  the 
same  as  the  corresponding  phases  shown  in  Einthoven's  curve  of  the  normal 
horse.  They  are  sufificient  to  show  that  the  ventricular  beats  in  the  abnormal 
curve    are    all    of    supraventricular    origin.     In    Einthoven's    curve    each 
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ventricular  contraction  is  preceded  by  an  auricular  representative,  P,  which 
is  as  prominent  as  the  T  shown  in  this  strip.  All  trace  of  such  variation 
is  absent  in  the  present  instance,  clearly  pointing  to  an  absence  of  co-ordinate 
and  presystolic  contraction  of  the  auricle.  The  beats  of  Fig.  5  (strip  ///) 
are  irregularly  spaced  ;  they  lie  at  distances  of  2-7,  2-9,  3-7  and  4-7  fifths 
of  a  second  aj^art.  The  irregularitj'  is  of  the  characteristic  form  exhibited 
by  a  fibrillating  auricle.  The  first  two  strips  have  a  larger  excursion.  They 
were  taken  by  applying  the  right  forelimb  electrode  to  the  epigastrum,  the 
left  hindlimb  electrode  to  the  breast  beneath  the  root  of  the  neck.  Compared 
with  the  third  strijj  they  are  consecjuently  inverted.  These  curves  show  the 
same  summits  R,  8  and  T,  but  again  no  signs  of  co-ordinate  auricular 
contraction.  The  rate  is  very  variable.  The  irregularity  in  spacing  is 
extreme.  The  heights  of  the  opening  variations  of  systole  (notably  S)  are 
not  proportionate  to  the  pauses  which  precede  the  corresponding  beats. 
These  features  are  one  and  all  characteristic  of  experimental  fibrillation  and 
complete  irregulai'ity  of  the  human  heart.  There  remains  but  a  single 
feature  and  that  is  the  oscillation,  which  is  so  tjrpical  in  many  experimental 
and  clinical  instances  and  which  is  due  to  the  fibrillating  auricle.  It  is 
obscurely  seen  in  several  places  in  these  curves  (and  is  marked  /,  /). 

The  pauses  from  beat  to  beat  in  a  succession  of  8  strips  are  tabulated 
and  are  given  in  the  accompanying  table.  The  successive  beats  read  in 
columns  from  above  downwards. 


Pulse    Beats   in   one-fifth   seconds   in    8   strips. 
as  calculated  from  electric  curves. 
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On  February  the  19th  the  horse  was  killed  by  a  shot  in  the  head, 
the  trachea  was  inunetliately  opened  and  artitieial  respiration  was  established. 
The  chest  was  opened  throvigh  an  incision  in  the  right  chest  wall  by  sawing 
through  a  rib.  Unhappily,  during  the  removal  of  the  rib,  the  ventricle  was 
damaged  and  considerable  haemorrhage  occurred.  There  was,  nevertheless, 
sufficient  time  for  certain  observations.  The  ventricle  beat  rapidly  and 
irregularly,  while  the  auricle  seemed  to  be  standing  still.  On  catching  hold 
of  the  ventricle  and  moving  it.  so  as  to  obtain  a  closer  view  of  the  auricle, 
the  former  passed  into  fibrillation.  A  closer  inspection  of  the  right  auricle 
now  revealed  the  presence  of  a  fine  fibrillary  movement  in  its  walls.  The 
movement  was  watched  for  some  minutes,  in  fact  till  no  visible  contractions 
could  be  made  out  in  either  ventricle  or  auricle. 

As  a  result  of  these  observations  I  am  able  to  state  that  in  a  horse  w  liicli 
presented  the  characteristic  irregularity,  the  ventricular  beat  was  co-ordinate 
and  of  supraventricular  origin,  and  further  that  the  co-ordinate  contraction 
in  the  auricle  was  in  abeyance.  I  am  unable  to  state  that  while  the  ventricle 
was  beating  co-ordinately  the  auricle  was  seen  to  be  in  fibrillation.  But  it 
was  not  contracting  co-ordinately  while  the  ventricle  was  beating  in  this 
fashion  and  it  was  seen  to  be  fibrillating  within  a  few  seconds  of  the  onset 
of  ventricular  fibrillation.  We  know  c^uite  definitely  that  fibrillation  is  not 
transmitted  from  ventricle  to  auricle,  and  we  therefore  have  strong  presum])- 
tive  evidence  that  the  auricle  was  fibrillating  throughout.  That  the  mechan- 
ism of  the  heart  was  not  altered  by  the  cerebral  death  of  the  horse  is  clearly 
shown  by  the  continued  irregular  ventricular  action.  There  is  but  a  single 
source  of  error  ;  it  is  iDossible  that  the  same  apjjlication  of  the  hand  and 
movement  which  induced  fibrillation  in  the  ventricle  also  induced  fibrillation 
in  the  auricle,  which  was  previously  paralysed.  But  such  an  occurrence 
is  in  the  highest  degree  improbable. 

The  heart  was  preserved.  Its  weight  was  5.440  grammes.*  It  was 
sent  to  Dr.  Cohn  of  New  York.  There  was  some  dropsy  of  the  subcutaneous 
tissues  ;    the  arteries  and  other  organs  seemed  normal. 

Horse  4.  An  old  gelding  of  about  15  hands,  the  exact  age  and  history 
of  which  was  uncertain,  was  brought  to  University  College  Medical  (School 
from  the  Veterinary  College  on  February  the  18th,  1910.  It  was  examined 
in  the  street.  The  animal  was  in  a  distressed  condition.  Dyspnoea  was 
marked,  there  was  some  dropsy  of  the  legs  and  abdominal  2)arietes.  It 
presented  violent  pulsation  of  the  whole  neck,  which  reached  as  high  as  the 
ears.  It  was  obviously  venous,  and,  so  far  as  could  be  ascertained, 
systohc  in  time.  The  pulsation  and  the  heart's  sounds  were  extremely 
rapid,  averaging  150  beats  per  minute  ;  the  several  beats  followed  each 
other  in  the  most  confused  and  irregular  manner.     There  were  no  murmurs. 


*  The  lieart  wciglit  for  moilium  sized  liorses  is  given  at  ;!  to  3-.">  kilo.  Ijy  \  eterinarv  text  hooks 
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Further  observations  were  not  possible  ;    and  I  was  unable  to  purchase  the 
animal  or  make  any  further  investigation  of  it. 

Horse  5.  This  horse  was  a  gelding,  aged  16,  in  height  15 J  hands.  It 
was  seen  through  the  kindness  of  General  Smith  and  Colonel  L.  Blenkinsop 
of  Salisbury. 

The  symptoms  had  been  present  for  7  months.  It  had  been  under 
observation  for  7  years,  and  was  not  known  to  have  suffered  from  strangles 
or  any  other  illness.  The  symptomatology  consisted  of  very  irregular  and 
tumultuous  action  of  the  heart,  marked  breathlessness,  epistaxis,  faltering 
and  occasionally  falhng,  upon  moderate  exertion. 

The  horse  was  examined  on  Bulford  Plain  on  June  the  25th,  1910. 
The  heart  was  absolutely  irregular,  long  pauses  of  2  seconds  were  frequent 
and  short  runs  of  rapid  beats  were  noted  from  time  to  time.  The  rate  was 
from  40  to  60  beats  per  minute,  while  resting.  Upon  exertion  the  rate  showed 
increase,  and  a  welling  pulsation,  not  marked  but  distinct,  appeared  at  the 
root  of  the  neck.  Breathlessness  was  fairly  conspicuous  after  the  animal 
had  cantered  a  few  times  round  a  small  paddock.  The  heart  sounds  were 
clear,  there  were  no  murmurs.  The  heart  beats  were  more  numerous  than 
the  arterial  pulsations. 

The  horse  was  thrown  in  a  covered  yard  and  was  chloroformed.  It  was 
then  shot  in  the  head,  in  compliance  with  the  regulations,  and  the  windpipe 
was  opened.  A  good  deal  of  blood  poured  from  the  trachea  ;  the  shot  had 
broken  the  base  of  the  skull.  As  a  consequence,  artificial  respiration  was 
not  free.  The  chest  was  opened  by  an  incision  on  the  right  side  and  the 
removal  of  two  ribs,  and  an  excellent  view  of  the  beating  heart  was  obtained. 
The  ventricular  movements  were  forcible  and  the  spacing  of  the  beats 
corresponded  with  what  had  been  heard  at  the  previous  examination.  For 
the  horse  they  were  rapid,  and  the  irregularity  was  extreme.  The  ventricle 
showed  no  distension.  At  first  no  intrinsic  movements  could  be  seen  in  the 
auricle,  it  appeared  to  he  still  except  for  the  tugging  transmitted  from  the 
ventricle.  There  was  certainly  no  general  shortening  of  its  fibres.  Closer 
inspection  of  the  musculature  revealed  the  presence  of  fibrillary  movements. 
The  epicardium  covering  the  right  auricle  in  the  horse  is  comparatively  thick  and 
opaque  and  fibrillary  movements  are  not  readily  seen  in  the  underlying  muscle. 
Close  inspection  of  the  ridges  and,  more  esjjecially,  attention  to  the  light  reflec- 
tions on  its  surface,  particularly  in  the  neighbourhood  of  the  appendix,  were 
conclusive.  The  independent  movements  of  the  several  light  reflections  and 
the  activity  of  the  tissues  generally  was  well  disjjlayed  and  was  demonstrated  to 
and  recognised  by  the  bystanders,  including  Colonel  Blenkinsop.  They  were 
watched  for  several  minutes,  the  ventricle  continuing  its  active  co-ordinate  but 
irregular  movements  during  the  whole  of  this  time.  A  hand  was  then  placed 
under  the  ventricle,  which  was  commencing  to  dilate,  and  in  Lifting  it  out 
of  the  pericardium  it  fibrillated.  The  auricle  continued  to  fibrillate  as  before  ; 
the  two  chambers  were  watched  until  all  movements  ceased  in  them. 
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The  heart  was  removed,  preserved  and  sent  with  the  otlier  specimens 
to  Dr.  Cohn.  It  weighed  4,335  grammes.  The  muscle  was  dark  and 
triable.  The  pericardium  and  arteries  seemed  normal.  The  other  organs 
presented  little  or  no  change. 

Horse  6.  While  at  Bulford  Camp,  I  was  shown  another  horse,  stalled 
in  the  sick  hnes,  by  Colonel  Blenkinsop.  It  was  an  old  horse,  suffering  from 
chronic  arthritic  trouble.  The  heart  beat  at  a  normal  rate,  at  or  about  37 
per  minute.  The  beats  followed  each  other  perfectly  regularly  for  about 
10  or  15  cycles  ;  a  premature  beat  was  then  audible  and  it  was  followed 
after  a  prolonged  pause  l)y  a  further  sequence  of  quite  regular  beats  at  the 
previous  rate. 

The  irregularity  obviously  belongs  to  a  distinct  category  ;  it  corresponds 
to  the  single  interruptions  of  a  regular  rhythm  by  pathological  impulses  in 
the  human  subject. 


DiSCU.SSION. 

The  foregoing  observations  are  sufficient  to  estabhsh  several  facts. 
The  horse  suffers  on  rare  occasions  from  irregularity  of  the  heart's  action, 
and  the  irregularity  may  be  due  to  the  presence  of  isolated  premature  con- 
tractions (Horse  6),  or  to  a  high  grade  of  disorder  in  which  the  irregularity  is 
complete.  The  completeness  of  the  last  irregularity  has  been  observed 
in  four  separate  animals  and  in  two  of  these  [Horses  1  and  J)  graphic  records 
have  been  obtained,  confirming  the  subjective  findings.  The  heart  rate 
is  variable  but  is  generally  increased.  In  the  normal  horse  the  rate  lies 
between  35  and  40  jier  minute.  When  the  gross  irregularity  is  present  the 
rate  of  the  jnilse  may  be  decreased,  presumably  as  a  result  of  dropped  beats  ; 
the  heart  rate  on  the  other  hand  may  accelerate  to  rates  of  1(30  jjer  minute  for 
brief  or  long  periods.  The  electrocardiograms  { Horse  3)  show  that  the 
irregularly  beating  ventricle  is  governed  by  imjjulses  which  descend  to  it 
through  the  auriculo-ventricular  bundle  and  its  branches  ;  in  every  other  way 
they  correspond  to  the  curves  obtained  in  comjjlete  heart  irregularity  as  it  is 
observed  in  the  human  subject,  and  to  the  curves  of  auricular  fibrillation  as 
observed  in  exjjeriment. 

In  two  animals,  from  one  of  which  graphic  records  were  obtained,  an 
inspection  of  the  heart,  beating  in  situ,  revealed,  first  an  irregularly  beating 
ventricle  and  secondly  a  pulsationless  auricle.  In  both,  fibrillation  of  the 
auricle  was  witnessed.  In  the  first  of  these  observations  (Horse  o)  damage 
was  done  to  the  ventricle  in  opening  the  chest  and  there  may  be  some  doubt 
as  to  whether  the  auricular  fibrillation  did  not  follow  uj^on  this  damage.  This 
doubt  is  removed,  for  a  j^recisely  similar  phenomenon  was  seen  in  the  second 
observation  (Horse  5),  and  in  this  instance  no  such  damage  occurred.  The 
heart,  at  the  insjiection  of  it,  was  beating  actively  and  was  in  good  condition. 
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The  ]nesence  of  the  same  form  of  mechanism  before  and  after  the 
cerebral  death  of  the  animals  and  the  resection  of  the  ribs  can  scarcely  be 
doubted,  for  the  ventricular  action  remained  constant  throughout  the  whole 
of   the   preliminary   procedures   in    both   instances. 

We  are  left  with  the  conclusion  that  chronic  fibrillation  of  the  auricle  is  a 
pathological  fact  in  hoi'ses,  and  that  it  is  associated  with  an  action  of  the 
heart  which  is  in  every  way  similar  to  that  known  as  complete  irregularity 
of  the  heart  in  man  and  to  the  irregularity  which  supervenes  when  the 
auricles  are  forced  into  fibrillation  in  the  dog  or  cat. 

Taking  this  evidence  and  that  wliich  has  been  previously  recorded  into 
consideration,  the  final  conclusion  that  the  three  ventricular  irregularities, 
namely,  that  which  is  found  in  the  horse,  that  which  is  observed  in  man  and 
that  which  is  induced  in  the  dog  or  cat,  are  one  and  the  same  seems  indis- 
putable. They  are  all  dependent  upon  one  underlying  factor,  namely  inco- 
ordinate or  fibrillary  contraction  of  the  auricular  tissues. 

It  is  of  interest  to  observe  that  in  none  of  the  five  instances  of  auricular 
fibrillation  in  the  horse  was  there  any  definite  evidence  of  valvular  lesion. 
It  is  known  that  in  many  of  the  human  patients  the  valve  segments  are 
intact.  The  underlying  mischief  must  be  souglit  in  the  musculature  itself. 
It  is  with  this  in  mind  and  with  a  view  to  the  eventual  comparison  of  the 
human  and  equine  material  that  I  have  asked  my  friend  Dr.  Cohn,  whose 
knowledge  of  these  muscle  changes  is  so  full,  to  undertake  a  detailed  examin- 
ation of  the  hearts  which  I  have  been  able  to  obtain.* 

Conclusions. 

1.  Horses  are  on  rare  occasions  the  subjects  of  two  forms  of  irregularity 
of  the  heart.  One  of  these  consists  of  isolated  premature  contractions. 
The  other  is  a  complete  irregularity. 

2.  The  comj^lete  irregularity  which  occurs  in  the  action  of  the  ventricle 
of  horses  may  be  seen,  from  inspection  of  the  heart  as  it  beats  in  situ,  to  be 
associated  with  fibrillation  of  the  auricles  ;  a  condition  which  must  therefore 
be  held  as  a  proved  pathological  condition  in  these  animals. 

3.  Fibrillation  of  the  auricles  in  horses  gives  rise  to  a  condition  in 
which  the  symptomatology,  and  especially  the  graphic  records,  are  identical 
in  all  their  classical  features,  with  a  condition  known  as  comialete  irregularity 
of  the  heart  in  man. 

4.  Comjilete  irregularity  of  the  heart  in  man  is  unquestionably  associ- 
ated with  fibrillation  of  the  auricles. 

5.  Fibrillation  of  the  auricles  in  horses  is  usually  unaccompanied  by 
valvular  lesions.  It  is  accomiianied  by  grave  circulatory  troubles  which 
may  be  classed  under  the  general  term  of  heart  failure. 


*  Brief  reports  of  these  findings  have  been  publislied  in  Heart.  1909-10. 1,  306,  in  the  Verhandl. 
d.  de.i/.ick.  pathol  OeselLwh.,  1910,  112;    and  in  the  Mechanism  o/  t)ie.   Heart-beat,  London,   1911, 
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Fig.  r».  (  •■  .',).  I'lireo  eleetrorareliiigrams  tr(.'Ui  liir  tliirtl  linrse,  tlie  la^t  stri[)  is  Iruin  tho  right 
fore-limb  and  left  hind-limb.  Com]ileto  irrognlaiity  ofj  the  heart  is  pmsent,  each  heart 
cycle  is  represented  by  R,  a  large  .S  and  a  T  \ariation:  there  is  no  sign  of  P.  There  are 
traces  of  oscillatii>ns  in  the  longest  diastolic  jieriods  shown. 

The  first  two  stiips  were  taken  from  the  opisastrinm  and  centre  of  the  breast  in  front  ; 
(they  are  conseqtiently  ia\"orted).  They  show  the  same  chaiacters  as  those  exhibited  b\- 
the  third  strip.  The  irregularity  is  of  high  grade,  tlie  heart  rate  at  times  exceeds  IfiO 
per  minute  (normal  3r)-40).  Oscillations  are  most  distinct  in  the  first  strip.  P  is  com- 
pletely absent. 


THE  RELATION  OF  REGULAR  TACHYCARDIAS  OF  AURICULAR 
ORIGIN    TO    AURICULAR    FIBRILLATION. 

By  THOMAS  LEWIS*  AND  H.  G.  SCHLEITER. 

{From    the    Cdrdiogniphir   Department,  University  College    Hospital   Medical 

School). 

In  the  present  communication  we  wish  to  record  two  cases  of  paroxysmal 
tachycardia  which  present  features  of  exceptional  interest.  We  utiHze 
these  two  cases  to  illustrate  the  main  thesis  of  this  paper,  namely,  the  close 
pathogenetic  relation  of  regular  tachycardia  arising  from  an  abnormal 
auricular  focus  and  auricular  fibrillation.  The  cases  are  of  im]3ortance  in 
that  they  support  the  general  hypothesis  that  auricular  fibrillation  consists 
of  an  exaggeration  of  the  phenomenon  of  pathological  or  heterogenetic 
impulse  formation,  which  accounts  for  a  large  group  of  simple  tachycardias 
arising  in  the  auricle. 

CASE  1.  Paroxysms  of  auricular  fibrillation.  Oh  one  occasion  a  recorded 
paroxysm  started  as  /ibr illation  and  terminated  as  a  regular  tachycardia, 
springing  from  an  ectopic  auricular  focus. 

A.  J.,  a  cabinet  nuiker  of  28  years,  was  first  seen  on  November  the 
11th,  1910,  at  the  out-patient  department  at  the  City  of  London  Hospital, 
in  an  attack  of  paroxysmal  tachycardia.  He  has  been  under  observation 
since  that  date  and  a  number  of  jjaroxysms  have  been  observed. 

History.  His  iiiotlier  died  of  "  lionrt  disease  "'  4  years  ago  :  slie  is  said  ti>  lia\  e  liad  rhoiunatic 
fever.  A  letter  from  Dr.  Hargrave,  who  attended  her  in  her  last  illness,  tells  us  that  she  sncciunlied 
to  progressive  failure  of  the  heart,  which  resulted  from  asthma  and  chronic  bronchitis.  His 
brothers  and  sisters,  of  whom  four  are  ali\e.  have  never  suffered  from  tonsillitis,  rheim^atism, 
chorea  or  heart  disease.     His  two  children  are  alive  and  healthy.     One  sister  died  of  enteric. 

Personally  he  has  had  no  jirevious  illne.ss,  excepting  measles  as  a  child  and  an  occasional 
cold.  Rheumatic  affections  and  sy|)hilis  are  denied.  He  has  always  been  moderate  in  the 
consumption  of  alcohol  and  tobacco. 

Two  years  ago  he  had  his  first  heart  attack,  and  since  that  time  has  been  subject  to  them 
at  intervals  of  1-3  months.  He  attributes  the  first  attack  to  strain,  as  it  came  on  while  he  was 
lifting  a  heavy  ]iiece  of  furniture.  The  attacks  usually  last  l.")-18  hours.  Lately  tliey  have  licen 
more  frequent  antl  some  ha\e  lastetl  longer.  The  shortest  attack  has  liecn  7  luau's,  the  longest 
3i  days.  He  states  that  the  attacks  come  on  at  any  time  ;  they  liave  often  commenced  in  the 
night ;  exertion  predisposes  to  them.  They  are  not  influenced  by  diet,  so  far  as  he  knows. 
They  commence  quite  abrujjtly  and  end  in  the  saine  fashion  ;  the  cesssation  is  always  marked 
by  considerable  relief. 

The  first  symptoms  of  tlio  attack  arc  faintness  and  sweating  ;  a  few  minutes  Inter  lie  is 
conscious  of  iialpitation,  and  feels  cold  and  sick.  Vomiting  is  said  to  occur  i-1  hour  later,  and 
about  the  same  time  he  is  aware  of  a  fixed  pain  in  the  front  and  lower  part  of  the  chest.     .\ 

*  Working  under  the  tenure  of  a  Beit  Memorial  Research  Fellowship. 
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little  liitpr,  the  pain  increases  and  is  more  prominent  at  tlie  pit  of  tlie  stomacli  and  over  the 
right  ril>s.  It  also  radiates  to  the  shoulders.  He  becomes  very  exhausted,  thirsty  and  short  of 
breath.     Flatulence  is  a  prominent  symptom  of  the  attacks  and  may  precede  them. 

Between  the  attacks  he  is  fairly  well.  He  can  walk  in  comfort,  but  easily  gets  giddy.  If 
he  is  sitting  and  rises  suddenly,  the  giddiness  may  cause  unsteadiness  and  he  supports  himself, 
fearing  a  fall.  He  sometimes  gets  a  little  breathless  after  walking  up  one  short  flight  of  stairs. 
The  appetite  is  good  and  he  sleeps  well  ;  the  bowels  are  opened  regularly.  He  suffers  from 
wind,  and  has  had  vomiting  during  the  ])ast  few  months.  On  se\erai  occasions,  bright  blood 
has  been  brought  up. 

During  the  last  six  months,  he  has  done  no  work.  He  has  lost  ten  jiounds  in  weight  in  the 
past  two  years. 

Observations  between  the  attacks. — The  patient  is  well  built  and  nourished. 
He  has  a  healthy,  in  fact  somewhat  excessive,  colour.  There  is  no  trace 
of  cyanosis.  The  lungs  are  normal  ;  the  nervous  and  alimentary  systems 
present  no  objective  signs  of  disease.     The  urine  is  normal. 

The  liver  dulness  extends  from  the  upper  border  of  the  6th  rib  to  the 
costal  margin,  its  edge  is  not  palpable.  The  spleen  is  not  felt.  The  thyroid 
and  lymphatic  glands  are  normal.  The  limits  of  cardiac  dulness  are  normal, 
lying  0  and  3i  inches  to  right  and  left  of  the  mid-sternal  line.  At  the  apex 
there  is  a  short  systolic  thrill  and  a  harsh  systolic  murmur.  Otherwise  the 
heart  sounds  are  normal.  The  arteries  are  somewhat  thickened  ;  the  systolic 
blood  pressure  varies  between  70  and  120  mm.Hg.,  (Riva  Rocci).  The 
heart  beats  regularly  as  a  rule  (Fig.  1  and  8).  Its  rate  lies  between  50  and 
78  per  minute.  At  times,  sinus  irregularity  has  been  present.  The  a-c 
interval  is  usually  one-fifth  of  a  second  in  length  (Fig.  1).  During  the  stays 
in  hospitals,  his  temperature  has  always  been  normal. 

Observations  during  the  attacks. — On  three  occasions,  he  has  been  ad- 
mitted to  the  City  of  London  Hospital  in  attacks  (November  the  9th,  1910, 
December  the  8th,  1910,  and  August  the  4th,  1911)  ;  he  stayed  at  Mount 
Vernon  Hospital  from  February  the  2nd  till  March  the  11th, 1911, and  on  two 
occasions  he  has  been  taken  in  at  University  College  Hospital  for  attacks 
(May  the  31st  and  July  the  1st,  1911).  During  his  last  stay  at  University 
College  he  developed  an  additional  attack.  On  no  other  occasion  has  a 
paroxysm  commenced  during  his  hospital  stays,  most  of  which  have  been 
of  several  weeks  or  months  duration. 

The  attacks  which  have  been  observed  have  all  been  of  over  12  hours 
duration  and  on  one  occasion  a  paroxysm  lasted  3i  days. 

Seen  within  half  an  hour  of  the  onset  he  is  already  distressed.  The 
face  is  pale  and  sunken  ;  he  is  restless  and  complains  of  distress  of  breath- 
ing and  precordial  pain.  As  the  attack  progresses  his  symptoms  become 
aggravated,  some  cyanosis  apjjears,  the  respirations  increase  in  rate  and  the 
pallor  becomes  more  conspicuous.  The  heart  dilates  and  the  Uver  becomes 
swollen  and  iiulsates.  Dropsy  has  not  been  noticed,  and  there  have  been  no 
physical  signs  of  oedema  of  the  lungs.  He  is  sahvated  during  the  attacks, 
develops  a  cough  and  when  they  have  lasted  many  hours  commences  to 
expectorate  a  little  frothy  mucus. 
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The  swelling  of  the  heart  may  be  exemphfied  by  the  following  obser- 
vations. When  originally  seen  during  a  paroxysm  in  November,  1910,  the 
measurements  on  percussion  were  |  and  5A  inches  respectively.  At  the  end 
of  a  long  paroxysm  of  24  hours  duration,  on  May  the  31st,  1911,  they  were 
2  and  5i  inches.  5  hours  after  the  cessation  of  the  same  paroxysm  they  were 
I  and  3i.  On  July  the  1st,  they  were  2  and  6i  inches,  2  hours  after  the 
onset.  7  hours  subsequent  to  the  offset  of  the  attack  they  were  0  and  4. 
15  minutes  after  the  onset  of  the  attack  of  July  the  15th,  they  were  0  and  5|, 
the  patient  lying  quietly  in  bed  ;  a  few  minutes'  restiveness  was  accompanied 
by  a  decided  increase  in  the  dull  area.  A  definite  and  striking  change  to 
I  and  6i  inches  was  observed  and  it  persisted.  1  hour  later,  the  paroxysm 
continuing,  the  measurements  were  recorded  at  li  and  6i.  Next  morning 
the  paroxysm  had  ended  and  the  limits  were  0  and  4J^. 

The  nature  of  the  paroxysms. — The  majority  of  the  paroxysms  have 
consisted  of  attacks  of  auricular  fibrillation,  during  which  the  heart  rate  has 
varied  between  1.55  and  200  per  minute.  At  such  times  the  venous  pulse 
has  been  of  the  ventricular  form.  Paroxysms  of  this  nature  have  been 
observed  and  recorded  on  five  occasions  ;  examples  of  the  curves  are  shown 
in  Fig.  3,  4  and  10. 

The  second  form  of  paroxysm,  which  was  recorded  electrocardiographi- 
cally  on  one  occasion  only,  consisted  of  a  regular  tachycardia,  the  average 
rate  of  which  was  140  per  minute.  It  arose  from  an  ectopic  focus  in  the 
auricle  and  formed  the  termination  of  a  long  paroxysm  which  commenced 
as  fibrillation  (Fig.  2  and  9). 

The  graphic  records  of  observed  attacks  are  summarised  in  the  following 
table. 


9/xi/1910.  Auricular     fibrillation     (lasting     many     hours).     (Venous 

curves). 

S/xii/1'JIO.  Regular   paroxysm.     (Lasting   approximately    12   hours). 

(Venous  curves  taken  but  mislaid). 

25/ii/1911.  .Auricular  fibrillation.     (Lasting  10  hours). 

3I/V/19I1.  Auricular     fibrillation.     (Lasting      12     hours).     (Electro- 

cardiograms, 3  leads). 

l/vii/191].  Auricular    fibrillation.     (Lasting     SJ    days).         (Electro- 

cardiograms, 3  leads,  Fig.  10.) 

2/vii/191!.  Tiicliycardia   of   auricular   origin.        (Electrocardiograms, 

,3  leads.  Fig.  9  and  venous  curve.  Fig.  2). 

15/vii/19]l.  Auricular  fibrillation.       (Lasting  about  10  hours).       (Poly- 

gra]ihic  curves  and  electrocardiograms,  3  leads). 

4/viii/19Il.  .\uriculjir  fibrillation.       (Lasting  approximately  24  hours). 

(Polygrujihic  curves) 

Control  curves  of  the  normal  rhythm  were  taken  on  a  number  of  occasions,  (l/vi/1911,  4/vii/1911, 
14/vii/1911,  19/vii/1911,  2l'/vii/I91 1,  24/vii/191 1,  etc.). 

The  polygraphic  curves  are  exemplified  by  Fig.  1-4.  The  curves  are  not 
treated  chronologically.  Fig.  1  shows  venous  and  radial  curves,  taken  on 
July  the  21st,  1911,  during  a  period  when  the  pulse  was  slow  (63  per  minute) 
and  regular.     The  a-c  interval  is  one-fifth  of  a  second. 


1st  paro.xysm. 

2nd   paroxysm. 

3rtl  paro.xysm. 
4fli  jjaroxysm. 

5th  paroxysm. 

fith   paroxysm. 
7th  paroxysm. 
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Fig.  1.  CASE  1.  A  1  lolygrajihic  fiirve  taken  wliile  the  lieart's  action  was  slow  and  regular. 
The  a-c  interval  is  1,'a  sec.  The  pulse  rate  is  (53  per  minute.  (July  the  21st,  1!)1 1).  Tlie 
time-marker  of  all  the  polygraphic  curves  is  in  1/5  sec 
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Fig.  1.  CASE  1.  A  polygraphic  curve  taken  during  the  long  paro.vjsm  ohser\ed  on  July 
the  2nd,  1911.  The  heart's  action  is  regular  ;  the  rate  is  142  i^er  minute  ;  the  a-c  interval 
is  a  full  1/5  sec. 
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Fig.  3.  CASE  1.  A  jugular  and  apex  curve,  taken  during  a  paroxysm  of  tachycardia,  (Xovem- 
ber  the  9th,  1910).  The  heart's  action  is  irregular  ;  the  rate  is  16.)  per  minute.  The  jugular 
pulse  is  of  tlie  ventricular  form. 


Fig.  4.  CASE  1.  A  jugular  and  radial  curve  taken  during  a  paroxysm  of  tachycardia,  (.July 
the  15th,  191 1).  The  heart's  action  is  irregular  ;  the  rate  is  155  per  minute.  The  jugular 
pulse  is  of  the  ventricular  form. 
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Fig.  2  shows  venous  and  radial  curves  taken  at  the  end  of  a  paroxysm 
on  July  the  2nd,  1911.  The  heart's  action  is  regular;  its  rate  is  142  per 
minute.  The  ti  wave  is  small  and  obscure.  The  a-c  interval  is  one-fifth 
of  a  second.  A  number  of  observations  were  made  upon  the  effect  of 
certain  events  upon  the  rate  of  this  paroxysm.  Repeated  swallowing  had 
no  influence  on  the  rate.  Changing  from  the  sitting  to  the  lying  posture 
did  not  influence  the  heart's  rate  by  more  tlian  two  beats  per  minute. 
Repeated  suspension  of  respiration  had  httle  or  no  influence  upon  the  rate. 

Fig.  3  and  4  are  examples  of  curv^es  taken  during  paroxysms  on  November 
the  9th,  1910  and  July  the  15tli,  I'.lll.  respectively.  Fig.  3  shows  a  venous 
and  apical  curve.  Fig.  4  shows  a  venous  and  radial  curve  ;  in  both,  the  heart 
is  beating  irregularly  and  the  venous  curve  is  of  the  ventricular  form. 

Electrocardiograms  of  the  three  separate  mechanisms  are  sho\\n  in 
Fig.  8,  9  and  10.  Each  figure  includes  a  series  of  three  leads,  marked  /, 
//  and  ///  respectively.  These  represent  Einthoven's  usual  leads  in  each 
instance  :  /,  right  arm  to  left  arm  ;  //,  right  arm  to  left  leg  ;  ///,  left  arm 
to  left  leg.  In  each  series  the  second  lead  is  standardized  so  that  1/1,000 
volt  ec^uals  0-6  cm.  in  the  reduced  curve. 

The  curves  are  not  treated  in  chronological  order.  They  are  sim2:)ly 
given  as  examples  of  the  mechanisms  which  have  been  observed. 

The  normal  mechanism  has  been  recorded  electrocardiograijhically  on 
two  occasions,  on  June  the  1st,  1911  and  on  July  4th,  1911.  The  curves  are 
identical  for  the  two  dates.  Speaking  of  Fig.  S,  each  cardiac  cycle  of  the 
regular  mechanism  shows  auricular  (P)  and  ventricular  (R,  S  and  T)  re- 
presentatives. P  is  prominent  and  bifurcates  at  its  summit  in  leads  /  and 
///.  The  P-R  interval  is  014  sec.  The  rate  of  the  heart  beat  is  65  per 
minute. 

This  series  should  be  compared  with  the  two  foUowing  series,  Fig.  9  and 
10.  Fig.  9  was  taken  during  the  regular  jjaroxysm  of  ,luly  the  2nd,  1911. 
Lead  /  shows  R  and  T  summits.  T  is  inverted.  {The  first  lead  of  the 
normal  mechanism.  Fig.  8,  shows  no  T  summit).  P  is  very  indistinct  in 
this  lead.  In  the  second  lead  R  and  T  waves  are  well  reiiresented  ;  i?  is  of 
less  amplitude  than  in  the  normal  mechanism.  In  Fig.  9  //,  P  is  clearly 
rejiresented  as  a  complex  curve,  consisting  of  dow  nward,  upward  and  down- 
ward deviations.  The  third  lead  shows  a  diminislied  R,  an  increased  S 
and  an  upright  T.  P  is  very  similar  to  that  foinid  in  lead  //.  The  rate  of 
heart-beat  in  this  figure  is  140  per  minute.  The  P-R  interval  is  a])proxi- 
mately  0-18  sec.  in  duration.  Comparing  the  two  series  of  curves,  it  is  seen 
that  the  ventricular  complexes  of  the  tachycarilia  and  normal  rhythm, 
Fig.  8  and  9,  correspond  fairly  closely  in  the  respective  leads  ;  the  variations 
are  chiefly  in  the  amplitude  of  the  various  summits,  and  in  an  occasional 
inversion  of  T.  Tiie  resemblance  is  sufficiently  close  to  allow  us  to  conclude 
that  the  origin  of  the  heart  beat  is  supraventricular  during  the  tachycardia. 
The  auricular  origin  of  the  paroxysm  is  proved  by  the  ]iresence  of  the  clear 
auricular  representatives  in  leads  //  and  ///.     Nevertheless,  the  paroxysm 
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has  originated  in  a  focus  at  some  distance  from  the  natural  pace-maker,  as  is 
indicated  by  the  anomalous  appearance  of  these  auricular  representatives. 
At  the  time  «iien  the  electrocardiograms  of  the  regular  paroxysms  were 
obtained,  the  movements  of  the  string  were  watched  and  occasional  premature 
contractions,  interrupting  the  paroxysm  itself,  were  observed,  but  were  not 
recorded.  The  ventricular  portion  of  such  cycles  seemed  to  give  exactly 
similar  electric  complexes  to  those  of  the  remaining  paroxysmal  cycles. 
The  premature  contractions,  therefore,  were  presumably  of  auricular  origin 
also. 

The  third  mechanism  is  sliown  in  Fig.  10,  curves  taken  on  July  the  1st, 
I'.ill.  They  are  from  the  beginning  of  the  paroxysm  of  which  Fig.  9  shows 
the  termination.  Simihxr  curves  were  obtained  on  May  the  31st,  1911,  and 
on  July  the  15th,  1911.  The  ventricular  complexes  in  Fig.  10  are  similar  in 
the  three  leads  to  those  of  the  corresponding  leads  in  Fig.  9.  The  beats  are 
placed  at  rpiite  irregular  intervals  throughout  the  curves.  The  rate  is 
variable,  but  at  times  it  reaches  nearly  200  per  minute.  P  summits  are 
entirely  absent  in  all  the  curves.  No  two  adjacent  cycles  are  exactly  alike. 
The  slight  variation  from  cycle  to  lycle  is  due  to  the  jiresence  of  the  character- 
istic oscillations  of  auricular  fibrillation,  which  are  most  conspicuous  where 
the  diastoles  are  relatively  long,  (/./.) 


VASE  2.  Short  and  long  jmroxysms  of  tachycardia  ;  the  majority  of  the 
paroxysms  were  short  and  consisted  of  regidar  tachycardias  springing 
from,  an  abnormal  focus  in  the  auricle.  They  were  occasionally  interrupted 
by  beats  from  a  second  abnormal  auricular  focus.  On  one  occasion, 
curves  shouting  the  pa.s.sage  from  the  regular  mechani.sm  to  auricular 
fibrillation  were  obtained. 

G.  T.,  a  married  man,  aged  71,  came  to  the  City  of  London  Hospital 
on  May  the  2Sth,  1911,  complaining  of  chronic  cough,  pain  in  the  chest  and 
lower  part  of  the  back,  together  \\ith  occasional  stiffness  in  the  right  upper 
Hmb. 

Histortj.  Till-  fatliiT  and  niotlier  died  at  the  ages  of  SI  and  77  respectively.  Five  brothers 
are  dead.  one.  it  is  said,  of  lieart  disease  ;  one  sister  is  aUve  and  in  good  liealth.  He  lias  had 
twelve  children,  four  of  whom  ilied  in  infancy  ;  of  the  remaining  eight,  one  is  tuberculous  and  the 
others  are  healthy.  The  wife,  aged  52,  has  had  one  miscarriage.  The  patient,  formerly  a  wood 
carver,  is  now  an  old  age  |)ensioner.  In  infancy  he  liad  measles  and  whooping  cough.  At  the 
age  of  51,  he  was  in  the  Bethnal  Green  Infirmary  for  pleurisy  and  inflammation  of  the  lungs. 
A  few  years  later  he  liad  rheumatic  fever.  He  states  that  he  was  laid  ujj  three  years  ago  with  a 
second  attai'U  of  pneumonia.  On  the  wliole  he  afKrms  that  he  has  enjoyed  fair  health.  He 
denies  venei'eal  infection.  In  his  younger  days  he  drank  ale  freely.  As  a  smoker,  he  has  been 
moderate. 

His  present  illness  dates  from  1908,  wlien  he  first  exjierienced  cough  and  pain  in  the  chest 
and  lower  part  of  tlie  back.  For  the  most  part,  pain  has  been  referred  to  the  precordium.  It  is 
gnawing  in  i-hai'arter  and  is  related  to  meals.  Sometimes  it  is  said  to  have  Ijeen  so  severe  as  to 
make  breathing  difficult,  a  feature  which  suggests  for  it  a  cardiac  origin.  Shortness  of  breath 
anil  pal]iitation  of  the  heart  have  been  noticed  upon  exertion.  He  has  suffered  from,  and  still 
lias,  a  c-hronir  cough  with  a  slight  expiectoration  of  mucus.  Tliere  has  been  no  haemoptysis. 
His  ajipetite  i.s  poor,  lie  sleeps  badly  and  gets  up  at  night  to  piass  water. 
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Observations  between  the  attacks  of  tachycardia. — The  patient  is  an 
undersized  and  poorly  nourished  individual.  His  skin  is  sallow.  There  is  no 
oedema  or  cyanosis.  Tlie  veins  of  the  lower  limbs  are  varicose.  There  is 
extensive  pyorrhoea.  The  thyroid  is  not  enlarged.  There  is  evidence  of  a 
mild  degree  of  emphysema.  There  are  tine  crepitations  at  both  bases. 
The  nervous  and  alimentary  systems  ])resent  no  signs  of  importance. 

The  heart's  apex  beat  is  in  the  5th  interspace,  4|  inches  to  the  left  of  the 
middle  hne.  There  is  systolic  retraction  in  the  5th  interspace  internal  to 
the  apex.  The  limits  of  the  heart's  dulness  lie  0  and  4J  inches  to  the  right 
and  left  of  the  mid-sternal  line,  respectively  ;  they  do  not  change  with 
posture.  The  heart's  sounds  at  the  apex  are  clear  and  show  no  alterations. 
There  is  a  musical  systolic  murmur  after  the  first  sound,  and  it  is  transmitted 
to  the  left  axilla.  The  aortic  second  sound  is  somewhat  increased  in  in- 
tensity. A  regular  heart  rhythm  is  interrupted  by  premature  beats,  which 
are  fairly  frequent  ;  most  of  them  reach  the  wrist.  The  arteries  are  thickened 
but  not  tortuous.  The  pulse  is  of  good  volume.  The  systohc  blood  j^ressure 
is  120  mm.  Hg.. 

The  upper  level  of  liver  dulness  commences  at  the  7th  rib  ;  the  lower 
limit  is  at  the  rib  margin.  Neither  liver  nor  spleen  is  to  be  felt.  There  is 
no  abdominal  tenderness  or  other  abnormality.  The  urine  is  normal. 
A  Wassermann  reaction  is  negative. 

Observations  upon  the  paroxysms. — Short  paroxysms  of  tachycardia 
have  been  recorded  upon  almost  all  of  the  numerous  occasions  of  examination. 
Nevertheless  they  are  relatively  infrequent  ;  as  a  rule  two  or  three  paroxysms 
occur  during  the  two  or  three  hours  of  investigation.  They  last  for  a  time 
varying  from  two  or  more  seconds  to  an  hour.  The  majority  of  the 
paroxysms  last  from  10  to  20  seconds.  The  patient  is  absolutely  uncon- 
scious of  onset  and  offset  and  is  unaware  of  the  paroxysm  while  it  is  present. 
Apart  from  posture,  we  have  been  unable  to  ascertain  that  any  factor 
influences  the  presence  or  absence  of  paroxysms  to  any  real  extent ;  they 
appear  to  be  more  frequent  in  the  standing  and  sitting  postures. 

With  a  sohtary  exception,  an  exception  which  will  be  described  in  detail, 
the  recorded  paroxysms  have  consisted  of  regular  tachycardias,  the  rate 
rising  from  the  normal  of  80  or  90  beats  j)er  minute  to  122  or  170  per  minute. 
The  usual  paroxysmal  rate  is  between  135  and  145  per  minute.  These 
paroxysms  are  due  to  new  rhythms  arising  from  an  abnormal  point  in  the 
auricle.  On  one  occasion,  after  a  prolonged  period  of  regular  tachycardia, 
the  mechanism  altered  to  fibrillation.  The  preceding  regular  tachycardia 
was  the  most  rapid  observed,  namely  170  beats  per  minute.  The  rate 
during  the  fibrillation  was  variable,  it  rose  at  times  to  I'.tO  beats  per  minute. 

Description  of  the  graphic  records. — Examples  of  paroxysms  as  they 
appear  in  radial  pulse  curves  are  shown  in  Fig.  5  and  6.     Fig.  0  shows  a 
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paroxysm  of  4  beats  only.  Fig.  ")  is  an  example  of  a  paroxystn  of  longer 
duration.  Most  of  the  jjaroxysms  have  been  similar  to  that  portrayed  in 
this  curve.  The  onset  and  offset  are  quite  abrujJt.  The  offset  is  marked 
by  a  considerable  degree  of  pulse  slowing  which  vanishes  w ithin  a  few  cycles  ; 
this  phenomenon  has  Ijeen  observed  in  many  previous  cases.  A  single  prema- 
ture contraction  interru])ts  the  normal  rhythm  sliortly  after  it  is  resumed 
(in  Fig.  5). 

The  premature  contractions  which  interrupt  the  slow  rhythm  are  of 
four  kinds.  Very  occasionally  the  points  of  origin  lie  in  the  ventricle.  The 
electrocardiograms  have  shown  that  some  of  these  premature  ventricular 
beats  arise  in  the  left  or  apical  portions  of  the  ventricle,  some  in  the  right  or 
basal  portions  of  the  ventricle  ;  we  do  not  consider  it  necessary  to  reproduce 
the  figures.  The  majority  of  the  premature  beats  have  arisen  in  the  auricle  ; 
and  they  originate  in  two  auricular  foci,  both  of  which  lie  at  a  distance  from 
the  pacemaker.  The  two  types  are  illustrated  by  Fig.  12  and  15.  In  Fig. 
12  the  normal  rhythm,  to  which  the  first  three  and  the  last  cycle  belong, 
is  interrupted  by  a  single  premature  contraction,  arising  in  the  auricle  and 
represented  by  P,  R  and  T  summits.  The  R  and  T  summits  of  the  ])rema- 
ture  beats  are  similar  to  those  of  the  rhythmic  beats.  The  P  summit  of 
the  premature  beat  is  partly  iso-electric,  but  is  mainly  a  deviation  in  the 
upward  direction  ;  it  differs  from  the  P  summits  of  the  rhythmic  beats. 
The  second  type  of  premature  auricular  contraction  is  shown  in  Fig.  15. 
As  in  the  first  type,  the  ventricular  comjilex  is  similar  to  that  of  the  rhythmic 
beats.  On  the  other  hand,  the  auricular  representative  is  of  different  form. 
It  consists  of  a  deviation  in  the  downward  direction. 

The  short  and  regular  paroxysms,  a  very  large  number  of  which  have 
been  observed,  have  been  of  one  type.  They  are  illustrated  by  Fig.  13,  14 
and  10.  They  consist  of  a  succession  of  beats  arising  in  the  auricle  at  the 
same  point  from  which  the  second  type  of  single  premature  beat  is  shown 
to  arise  (Fig.  15).  The  centre  of  such  a  paroxysm  is  published  in  Fig.  13, 
in  which  the  rate  is  approximately  140  per  minute.  The  cycles  consist  of  a 
downwardly  directed  auricular  representative  P,  and  the  usual  summits 
R  and  T,  corresponding  to  the  ventricle  and  of  similar  form  to  those  of  the 
rhythmic  beats.  The  termination  of  a  similar  paroxysm  is  shown  in  Fig. 
14.  In  a  very  large  number  of  the  observed  paroxysms,  single  beats  sjiringing 
from  the  auricle,  but  arising  in  a  focus  which  is  distinct  from  that  at  which  the 
usual  paroxysmal  beat  originates  and  from  that  at  which  the  rhythmic  beat  of 
the  slow  periods  arises,  interrupt  the  paroxysm  itself.  Two  exam]5les  of  this 
phenomenon  are  shown,  namely,  the  last  cycle  but  one  in  Fig.  13  and  the  last 
cycle  of  the  paroxysm  in  Fig.  14.  The  majority  of  these  interrupting  beats  are 
slightly  premature  in  relationship  to  the  rhythm  of  the  paroxysm.  This  is 
shown  in  Fig.  14,  but  in  Fig.  13,  the  interrupting  beat  falls  at  its  proj^er  time. 
A  comparison  of  the  interrupting  beats  with  the  premature  beat  of  Fig.  12 
shows  that  they  arise  from  the  same  focus.  It  has  lieen  remarked  that  they 
frequently  terminate   a   paroxysm. 
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To  sum  up,  the  paroxysms  consist  of  beats  which  arise  in  a  single 
abnormal  focus  in  the  auricle  and  these  abnormal  or  ectopic  rhythms  are 
disturbed  by  interruptions  from  a  second  ectopic  focus.  It  is  noteworthy 
that  both  the  types  of  beat  found  during  the  paroxysms  are  also  found  as 
interruptions  of  the  normal  slow  rhythm.  Briefly,  the  patient  possesses 
two  foci  of  irritation  in  the  auricle,  each  of  which  hes  at  a  distance  from  the 
pacemaker.  Both  foci  generate  single  new  impulses  and  one  of  them 
generates  impulses  in  succession. 

We  now  pass  to  a  description  of  certain  events  recorded  on  the  18th  of 
July,  1911,  and  we  may  conveniently  commence  with  a  descrijition  of  a 
continuous  sphygmographic  curve  taken  over  a  jjeriod  of  several  hours  on 
the  afternoon  of  that  day,  (Fig.  7).  When  tiie  patient  first  came  under 
observation,  the  pulse  was  very  irregular,  but  by  the  time  the  sphygmograph 
had  been  arranged,  it  was  regular  and  beating  at  an  approximate  rate  of  170 
to  180  i3er  minute.  The  patient  exhibited  a  regular  paroxysm  of  the  usual 
form,  though  of  somewhat  faster  rate.  The  regular  paroxysm  ran  for  72 
seconds,  up  to  the  point  marked  A  in  Fig.  7.  At  the  point  marked  B,  it 
became  irregular  for  a  second  or  more.  The  continuous  curve  is  given 
in  successive  strips.  At  C  the  pulse  shows  some  irregularity.  At  D  it 
becomes  very  irregular  and  assumes  the  form  which  is  so  characteristic 
of  auricular  fibrillation.  The  same  meciianism  is  continued  from  D  to  E  ; 
between  E  and  F  a  portion  of  the  curve  of  45  seconds'  duration  and  of 
precisely  similar  form  has  been  excised.  From  F  to  G  the  fibrillation  con- 
tinues. At  G  the  nornuil  rliythm  is  resumed,  but  is  interrupted  by  occasional 
premature  beats  at  //  and  /.  Tiie  nornuil  rhythm  is  continued  up  to  the 
point  marked  J .  Occasional  i^remature  contractions  then  ai:)pear,  and  at 
K  the  complete  irregularity,  which  is  characteristic  of  a  fibrillating  auricle, 
commences  again  and  continues  to  the  end  of  the  tracing  {L).  Following 
upon  this  strip,  the  completely  irregular  pulse  continued  for  69  minutes. 
The  normal  rhythm  reappeared  for  32  minutes.  It  was  then  interrupted  by 
a  paroxysm  lasting  14  seconds.  This  paroxysm  is  shown  in  Fig.  5.  A 
period  of  normal  rhythm  of  (5  minutes'  duration  followed,  and  this  in  its 
turn  was  succeeded  by  a  regular  paroxysm  of  21  seconds  duration.  The 
normal  rhythm  which  followed  was  watched  for  25  minutes,  when  the 
observations  came  to  an  end. 

During  the  progress  of  the  continuous  radial  curve,  a  large  number  of 
electrocardiograms  were  obtained.  The  first  curve  (Fig.  16)  was  taken 
somewhere  between  the  points  A  and  D  in  Fig.  7.  The  paroxysm  consists 
of  a  succession  of  beats  of  a  .similar  character  to  those  shown  in  Fig.  9.  The 
two  curves  differ  mainly  in  rate.  A  second  electrocardiogram  (Fig.  17)  was 
taken  shortly  after  the  onset  of  the  comjilete  irregularity  (Fig.  7  D).  Fig.  18 
was  taken  during  the  stage  of  complete  irregularity  following  L  (Fig.  7). 

The  electrocardiograms,  Fig.  17  and  IS,  testify  conclusively  to  tiie 
presence  of  fibrillation  of  the  auricles.  Tiie  ventricular  beats,  represented 
by  R  and  T  summits  of  the  usual  form,  are  scattered  throughout  the  curves 
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at  irregular  intervals.  The  summits  R  are  sejiarated  by  portions  of  curve 
wliieli  ditter  slightly  from  each  other  from  cycle  to  cycle  ;  this  variation 
is  due  to  the  presence  of  the  characteristic  oscillations  of  auricular  fibrillation, 
which  are  most  marked  in  Fig.  18  (/,/). 

In  most  instances  of  paroxysmal  tachycardia  arising  in  the  auricle, 
whether  the  paroxysms  originate  in  a  single  focus  and  are  regular  or  whether 
the  paroxysms  originate  in  fibrillation  and  are  irregular,  it  is  noted  that 
the  height  of  the  peak  R  during  the  paroxysmal  stage  is  increased  as  com- 
pared with  the  normal.  In  the  present  case  we  have  been  unable  definitely 
to  ascertain  the  presence  of  this  phenomenon,  and  probably  this  has  been  due 
in  some  measure  to  a  jjhenomenon  of  an  exceptional  kind.  In  a  number  of 
radial  curves  obtained  from  the  patient,  very  distinct  evidence  of  a  pulsus 
nhernaiif!  has  been  obtained  from  time  to  time  ;  and  in  electrocardiographic 
curves  taken  during  the  normal  periods,  a  considerable  variation  in  the 
amplitude  of  R  has  been  frequently  observed  ;  this  variation  has  not  neces- 
sarily occurred  in  alternate  fashion.  This  is  well  shown  in  Fig.  11,  in  which 
two  R  summits  of  large  amplitude  are  followed  by  two  R  summits  of  lesser 
amplitude.  tSimilar  variations  of  amplitude  have  been  frequently  met 
with  during  the  paroxysms.  A  notable  example  is  shown  in  Fig.  13.  A 
comparison  of  amplitudes  during  normal  and  paroxysmal  periods  has 
consequently  been  difficult  or  impossible. 

Discussiox. 

As  we  stated  in  our  introductory  remarks,  the  main  object  of  this  paper 
is  to  correlate  two  conditions,  regular  paroxysms  of  tachycardia  arising 
in  the  auricle  and  aui'icular  fibrillation.  But  while  this  is  the  main  proposi- 
tion before  us,  it  is  necessary  to  go  somewhat  further  afield,  and  to  collect 
certain  accessory  evidence  bearing  upon  the  production  of  pathological 
beats  in  the  auricle.  The  view  that  tachycardia  of  auricular  origin  and 
auricular  fibrillation  have  a  conunon  pathogenetic  basis  is  but  part  of  a  more 
general  conclusion.  This  general  conclusion  was  dealt  with  by  one  of  us 
at  considerable  length  in  a  recent  publication.'"  The  view  is  held  in  respect 
of  both  divisions  of  the  heart,  namely,  auricle  and  ventricle  :  it  is  that  there 
are  three  chief  stages  in  the  production  of  those  pathological  impulses  which 
have  been  termed  heterogenetic.  There  is  the  single  and  isolated  hetero- 
genetic  impulse  which  gives  rise  to  the  simple  premature  contraction  ;  there 
is  the  series  of  heterogenetic  impulses  giving  rise  to  a  new  regular  and  fast 
rhythm  ;  and,  finally,  there  is  the  condition  in  which  multiple  foci  are 
active  and  in  which  the  musculature  is  so  disturbed  by  impulses  thrown 
out  from  multiple  centres,  that  co-ordinate  contraction  is  impossible  and 
a  state  known  as  fibrillation  ensues.  The  conception  is  that  the  three 
stages  in  the  disorder  of  a  division  of  the  heart  are  due  to  a  single  underlying 
phenomenon,  namely  heterogenetic  impulse  formation.  Variation  in  the 
degree  of  disorder  is  attributed  to  a   variation  in  the  degree  of  muscular 
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irritability  in  response  to  tiie  c.xc-iting  agent,  or  to  a  variation  in  the  strengtli 
or  distribution  of  the  exciting  agent.  Wliile  tiie  actual  observations  of 
tliis  paper  are  more  esjieciaily  directed  towards  tlie  proof  of  the  close  inter- 
relationship of  new  rhythms  and  fibrillation,  it  may  be  well  to  bring  forward, 
in  a  general  survey,  the  main  facts  upon  \\  liicli  the  general  conclusion  rests 
and  to  treat  the  special  ])ro]>osition  of  tliis  communication  as  an  integral 
part  of  it.     The  evidence  is  summed  up  in  the  following  paragraphs. 

1 .  When  a  weak  faradie  current  is  applied  to  the  auricle  or  ventricle, 
and  this  current  is  gradually  strengthened,  a  series  of  events  is  recorded. 
Single  premature  beats  are  first  seen.  An  increase  of  current  produces  a 
regular  tachycardia.  Finally,  with  the  strongest  current,  the  muscle  passes 
into  fibrillation. 

2.  Many  interferences  witii  tiie  muscle  of  the  heart,  as  for  e.\a?nple 
the  administration  of  light  jiercentages  of  chloroform  or  the  injection  of 
adrenalin^  or  obstruction  of  the  coronary  vessels,"  awaken  similar  series  of 
events.  Single  interru])tions  of  the  normal  rhythm  appear  and  these  are 
succeeded  by  tachycardia  and  fibrillation,  originating  in  the  muscle  affected. 

.'?.  A  recent  observation  connects  the  tachycardias  and  fibiillation. 
It  is  well  known  that  if  an  auricle  be  subjected  to  a  fairly  powerful  faradie 
current  and  fibrillation  is  induced,  it  frequently  happens  that,  at  the  cessation 
of  stimulation,  the  fibrillation  continues  for  some  little  while.  The  phenom- 
enon is  refened  to  by  German  writers  by  the  apt  term  "  Nachflimmern." 
We  have  oliserved  the  repeated  rejilacement  of  this  "  Nachflimmern  "  by  a 
regular  tachycardia. 

4.  If  a  regular  tachycardia  is  ]iroduced  in  the  auricle  by  means  of  a 
weak  faradie  current,  vagal  stimulation  will  sometimes  convert  the  tachy- 
cardia into  auricular  fibrillation.'" 

Wc  may  now  sum  up  certain  clinical  e\idence. 

").  It  is  a  usual  exjtericnce  in  observations  upon  clinical  cases  of 
tachycardia  of  auricidar  or  supraventricidar*  origin  to  find  that  the  slow 
periods  which  se])arate  the  ])aroxysms  are  interru])ted  by  premature  beats  of 
a  precisely  similarf  nature.  Our  own  observations  include  six  cases,  of 
which  five  have  l)een  ju'cviously  recorded,  ''•  '■  "  '""'  ^  and  the  second  case 
of  the  ])resent  communication  foi'ms  tiie  sixth.  Similar  observations  liave 
been  made  by  Cohn'  and  Laslett.-' 

().  Curves  showing  intermediate  oi'  transitional  conditions  between 
single  ])rcmature  conti'actions  and  k)ng  paroxysms  of  tachycardia  are  not 

*  W't*  inst-rt  till-  wofil  sii[>r  i\  rntrii-iilar,  because  iix  sonn-  <it  tho  eases  it  has  been  iiii]>ossible 
ileliiutely  to  estahiiyb  the  aurit-ular  nriiiiti  of  the  parowsiii.  ulthfju^h  tlieir  gonei-ufion  in  tliis 
ilivisioii  of  tlio  lioart  is  |)rolwl)le  in  most  of  ihi'  nistuncos  rofeiTed  to. 

t  I'reoisely  similar  in  so  far  as  tlic  j^rapliir  nietlioils  eni|ilo\'('(l  are  eonrerneil. 
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infrequent  in  given  cases.  An  example  is  sliowii  in  Fig.  5,  where  four 
jireniature  heats  follow  each  other  in  succession.  Other  exaniiiles  might 
be  referred  to  (Lewis."  Coim'  and   LasletCs^  cases). 

7.  In  patients  who  exhil)it  ]iaroxysms  of  auricular  fibrillation,  the 
slow  rhythm,  which  sejiarates  such  ))aroxysms,  is  frequently  interr\ipted  !>}' 
single  jn'emature  auriciilar  contractions.  Tv\o  instances  of  this  nature  have 
come  under  the  observation  of  one  of  us  and  have  already  been  recorded.'* 
A  series  of  similar  cases  was  previously  reported  by  ^lackenzie.i^  An 
important  instance  of  an  allied  type  of  case  has  been  described  by  Hewlett,- 
a  case  in  which  certain  transitions  Ijctween  the  one  form  of  irregularity  and 
the  other  were  observed. 

S.  Paroxysms  of  regular  tachycardia  of  auricular  or  supraventricular 
origin  and  ])aroxysms  of  auricular  fibiillation  may  occur  in  one  and  the  same 
case.  The  writers  have  had  an  ojijiortunity  of  studying  a  series  of  such 
cases  and  the  two  cases  recorded  in  this  pajier  are  exam])les  of  this  association. 
Moreover,  the  direct  jiassage  of  regular  ])aroxysms  into  filirillation  or  fibril- 
lation into  regular  jjaroxysms  has  been  repeatedly  observed.  The  original 
observation  was  made  upon  a  case  in  which  short  jiaroxysms  of  regular 
tachycardia  arising  in  the  auricle  interrupted  the  normal  rhythm.*  On  one 
occasion  while  electrocardiographic  curves  were  being  taken,  the  mechanism 
changed  from  tachycardia  of  auricular  origin  to  auricular  fibrillation,  and 
subsequently  the  regular  paroxysm  was  resumed.  The  same  phenomenon 
probably  occurred  in  Hewlett's  case-  (cp.  Fig.  5  of  his  paper).  It  has  also 
been  recorded  in  a  case  described  by  Mackenzie'-  and  in  a  case  described 
by  Turnbull  ;'^  (in  the  latter  the  actual  ])assage  from  one  to  the  other  was 
not  caught).  In  the  former  the  ])assage  from  one  to  the  other  was  frequently 
caught.  In  the  present  pajjcr,  we  have  added  two  cases  :  in  CASE  1  a 
long  jjaroxysm  of  many  hours  duration  commenced  as  auricidar  fibrillation 
and  terminated  as  a  tachycardia  of  auricular  origin.  In  CASE  2,  a  patient 
subject  to  numerous  tachycardial  jiaroxysms  arising  in  the  auricle,  the 
passage  of  a  paroxysm  of  this  form  into  auricular  fibrillation  was  observed 
and  is  shown  in  Fig.  7.* 

9.  The  frequent  association  of  auricular  fibrillation  with  mitral  stenosis 
and  rheumatic  heart  disease  is  now  a  well  recognised  fact.  In  our  own 
series,  which  comjjrises  twelve  cases  of  j)aroxysmal  tachycardia  of  auricular 
or  supraventricular  origin,  five  were  cases  of  mitral  stenosis  and  in  one  of 
the  remaining  seven  cases  there  was  a  history  of  rheumatic  fever.  We  cite 
these  figures  for  the  jiurpo.se  of  showing  that  regular  tachycardias  and 
fibrillation  are  met  «ith  in  a  common  class  of  cases. 

While  we  divide  heterogenetic  imjnilse  formation  into  three  grades, 
the  isolated  premature  beat,  regular  tachycardia  and  auricular  fibrillation, 

*  Two  new  instances  of  the  passage  of  regular  paroxysms  of  tachycardia  of  auricular  origin 
info  auricular  fibrillation  have  been  observed  by  one  of  us,  since  these  pages  were  written. 


P  AROXY  S  J/  .1  /.     T  A  C  H  Y  0  ARDI  A.  1S7 

the  division  is  an  arbitrary  ono.  and  transitions  from  one  stage  to  anotlier 
occur  and  have  been  ahcady  referred  to.  Hewlett's  case  is  a  notable  in- 
stance. CASES  1  and  2  of  tlie  present  comnninication  may  also  lie  cited 
in  this  connection.  In  CASE  1,  the  regular  paroxysm  was  interrupted 
by  premature  beats,  which  presumably  were  also  of  auricular  origin,  although 
they  were  not  recorded  electrocardiographically.  CASE  2  provides  a 
clear  instance  of  the  transition.  Paroxysms  of  regular  tachycardia,  generated 
in  an  ectopic  focus,  are  interrupted  by  single  beats,  most  of  them  premature 
in  relationship  to  the  ])aioxysm  itself,  springing  from  a  separate  ectopic 
focus.  The  ])resence  of  two  active  extraneous  foci  of  im]iulse  formation 
in  the  auricle,  and  the  ultimate  passage  of  a  paroxysm  into  fibrillation 
in  this  ]iatient.  has  a  ]ieculiarly  significant  bearing  upon  the  question 
of  the  production  of  aiu'icular  fibrillation  from  multijile  auricular  foci. 
Whether  the  short  ]ieriod  of  irregularity  recorded  in  Fig.  7  (at  the  point  B) 
is  a  further  transition  or  not  we  are  unable  to  ascertain  positively  in  the 
absence  of  the  corres]ionding  electrocardiogram,  but  we  believe  this  to  bo 
the  case. 

We  may  sum  up  the  previous  discussion  in  the  statement  that  there  is 
a  rapid  accumulation  of  evidence,  which  shows  the  close  association  of  the 
modes  of  genesis  of  three  forms  of  disturbance  of  the  normal  cardiac  rhythm, 
namely,  premature  contractions,  paroxysms  of  regular  tachycardia  and 
fibrillation.  The  hyjiothesis  re]iresents  the  relation  in  more  tangible 
form  ;  the  three  forms  of  disturbance  may  be  regarded  as  the  expression  of 
heterogenetic  or  jiathological  impulse  formation  of  three  grades,  the  pro- 
duction of  single  and  isolated  impulses,  the  occurrence  of  a  series  of  impulses 
from  a  single  focus  and  finally  the  activity  of  a  number  of  such  foci. 

It  is  perfectly  true  that  certain  cases  show  one  or  other  mechanism  alone. 
It  is  also  true  that  the  connecting  links  in  the  individual  case  are  often 
imperfect  or  absent  ;  thus,  cases  of  auricular  fibrillation  may  apparently 
show  intervening  jieriods  of  slow  and  normal  heart  action  which  are  perfectly 
regular.  It  is  possible,  nay  probable,  that  records  of  the  actual  passage  of 
normal  mechanism  to  fibrillation  in  these  last  cases  will  ultimately  reveal 
transitions,  but  we  freely  admit  the  possibility  that  such  transitional  curves 
may  not  occur,  and  that  the  changes  may  be  abrupt  from  one  to  the  other. 
An  abrupt  change  from  auricular  fibrillation  to  a  normal  mechanism  is  indeed 
the  rule  in  experiments  upon  healthy  hearts,  l)ut  we  cannot  see  that  these 
observations  a])])rc(iably  afiVct   oin-  general  contention. 


SUMMARV. 

1.  Two  instances  of  ]iaroxysmal  tachycardia  are  recorded.  In  the 
first  case,  the  paroxysms  usually  consisted  of  amicular  fibrillation  ;  on  one 
occasion,  at  least,  the  passage  of  the  fibrillation  into  a   regular  tachycardia 
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of  ectopic  auricular  origin  was  observed.  In  the  other  instance,  the 
paroxysms  consisted  of  tachycardia  of  ectopic  auricular  oiiijin  ;  on  one  occa- 
sion the  j)assage  of  such  a  tachycaidia  into  fihrillation  and  the  subsequent 
resum]5tion  of  the  normal  rhytlim,  interrupted  by  regular  jiaroxysms,  was 
observed. 

2.  The  regular  tachycardias  in  these  two  cases  were  interrupted  by 
premature  contractions,  which  in  one  case  probably,  and  in  the  other  case 
certainly,  came  from  a  se]iarate  and  ectojiic  auricular  fncus.  The  significance 
of  this  observation  and  its  relation  to  the  ])assing  of  regular  tachycardia  into 
fibrillation  is  discussed. 

3.  A  detailed  account  of  the  evidence,  which  leads  us  to  the  view  that 
the  single  premature  contraction,  ecto))ic  tachycardia  and  fibrillation  have 
a  similar  pathogenesis,  is  given. 
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■  ,   S,  II  uiid   HI.      CASE  1      Tl.ree  a<.Ti*-i  of  .-iirvca  fr..m  a  i-aso  of   piiroxysmul  Iniliy.-t 
sliuvtiiiu  ^oi>nrAti>  [ii-x'linnisiii^.      Bach  ^oric^  (''•ni|irisi>^   [Ji<'  thrcv  custoinnry   luails  . 
unii  [Mk'ft  inn  l/).ri|j>it  arm  to  loft  log  <//).  and  left  arm  to  loft  |pg  (///).      In  i'<><  li 
loud  //  i>iMMii<l>inJi»iHl,  so  rliat  1   lOUO  vult  ^  0'<i  cenlimotr^s  m  l\w  ixxluferl  ourve, 

{.  8.  Sliou-iiij;  the  m<-('lianism  o(  tlio  heart  on  Jxim-  tlio  !■,(,  Itlll,  wln-ti  tin.  [iiiUo 
tL-Bular  ami  wbon  its  rute  was  (15  pc-r  m.n.Uo.  The  P  II  inl.^rval  is  14  spi-,.  Tin. 
iiiurk<-r  IS  in  1.10  «cl-..     iJiiiio  thu  1^1.  I!lll) 

l;.  !(.  SliiiwiriB  tlif  iiiofliiinieiii  on  July  tlio  2ud  nt.  tlio  nnd  of  tlio  long  imrosysiii.  The 
bcuts  lire  reKuIur,  ut  llit'  ralp  uf  ft|i|iroxinirt(i.'ly   I4U,     Tin.'  lenliimlnr  'Diiiiili-xt's  iiiv  t 

tv|R>  iiiilufuJ  by  mi|jriiv<MilriL.|ilor  nnliiilflr^  ;    ■.•ni-h  la  |ir(ji(.Jt-il  l>y  'iii  i\ iiulniis  nun 

.■uin|.k-x  P.     Tim  P-U  inlorval  i«  H  IN  sue     Tlin  tirn-.-iiiarhLT  i.  ii.  I  ,>  >,■         |,l,.ly  llio 
lilll). 

;.  10.  Showing  llir.  nierhftniBni  on  .July  llir-  1st,  shortly  after  IIik  onapt  of  the  lung  piiroi 
Tho  ht^>\ts  nro  irtogularly  pldiW  .  tlu-  ratL-  reuihea  1113  per  mimitv  The  ventnonlur 
rk'UL-s  urv  ftll  of  llm  t.yjK>  atti'ihiit-nhle  l.i  siiprflvonlrii-ulflr  ini|iiilaes.  Co-ordiiiftle 
rniolioiiH  of  the  niiru'li.'  aro  not  ro|iri.-sunted.  P  is  rcplaedd  hy  tlio  osi-illationn  (/.H  \ 
chumot(.Tis(.-  liljnllution  of  llio  auriuk'.     Tlii<  t in ii- -murker  >»  in  l.T-si-i..      iJnly  tlm  I»t,  1 
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Fig.    II-U.     CASE  2.      A  ieries  of  curves  taken  on   July  the  4lh.   1911       The  time-marker 


Fii:.    II  shows  (mir  beaW  of  the  n..r.ni.l  rl.yTluii,  v^ch  ryHo  eoiisistihg  of  P.  R  (inil   T  voruil 
Thfi  nmiilitiulo  of  H  is  viiriftljk' 

Fig.    12      A  rurvf>  laki>n  from  r  slow  period  ami  shovsnng  a,  single  iiremaiuro  t'Onlrflction.  nr 
from  an  rii.iojpi..'  aiirn-iilnr  foi'iis.     The  iirematum  aiiripulnr  representative  \=,  murlteil  P  b 


F.g.  13.  A  .urvf  taktm  durint:  lin  niirn ular  par-.tysfii  ^liowmc  Jtiverli'd  P  ivi.\es.  Tlio  la.-t 
•  yclo  but  WHO  is  constituted  by  a.  beat  unairig  trom  u  eecornl  fin'Uis,  as  la  shown  hy  the  ahapi.- 
o(  the  auriculrtr  repreiontativc.  marked  P'.     Note  the  variation  m  the  amplitude  of  ft  in  iliii 


H  Thi>  r.(„l  ^>f  n  reiinlar  paroxysm  of  ilin  same  type.  Two  he^its  of  tlie  mnul  piiroxyemal 
f<iriri  an.'  riliiiivn,  Tlu'  third  Iwiil  eiuls  tbr-  paroxysm  and  arises,  ns  shown  hy  the  shape  of 
!" ,  iroiii  H  "H'cond  Hlinomiul  forns.  The  |io5l-pBroxysmnl  pause  «n<l  llip  ri^inmption  of  the 
iiijnnal  rhythm  urc  seen. 


Fig.  15,  CASE  2.  Taken  on  June  the  S7lh.  1911,  and  showing  a  single  premature 
eontraclion  which  springs  from  the  same  focus  as  the  majonty  of  the  panjxysr 
Thp  time-marker  is  in  1  '5  sec, 

Fiv  Ill-IS.  CASE  2.  A  serii- of  rurvp^s  Inkon  on  July  the  Ifith.  1011.  Fic  7  ( 
unrii'-  iiiino.!  of  obnervution.      Tho  tinin-mBrkor  in  nil  throo  curves  is  in  1' 30  sec. 
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Fii!.  li)  was  taken  shortly  after  tho  onset  of  a  rngular  pa 
to  that  shewn  in  Fig    13. 

l-\.  17  was  taken  almost  dirottly  ..flerw<ird=.  It  *hows  n..  o^dnnte  of  a  ro-or-lii 
1  ■intrai'tion  ;  ihf  ln-airt'beftl  w  •jiiilt-  irri-iinUir  and  osi'illntiuiis  rharnv'li.Ti^in 
lihnllation  nro  present  (/,/|. 

Fit;  |H,  A  Himilnr  curve  taken  later  dnrmg  the  samii  attaik.  and  ithowing  the 
I'lcluro  of  auricular  lilinllatiun. 
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rAKUXYS-MAL     TACHYCARDIA     ACCU.Mi'ANlED      BY      THE 
VENTRICULAR    FORM    OF    VENOUS    PULSE. 

By  C.  D.  S.  AGASSIZ. 

[Fnitii  ihc  Citij  oj   Loiiihiii    Hovjiilal  jur    l)ii<eases  of  l/ie  C/iest). 

A.  S..  a  mail  aged  55.  was  admitted  to  the  City  ot  Loiiduu  Hospital  tor 
Diseases  of  the  Chest  on  June  the  8th,  liill,  complaining  of  cough,  shortness 
of  breath  and  pains  in  the  chest  and  shoulders. 

Notes  on  admission. 

Famili/  liistori).  His  father  died  of  a  "  paraljtic  '"  stroke.  His  luotlier  dietl  of  raiiuer  of 
the  breast.  A  brotlier  died  of  "  heart  trouble  "  and  a  daughter  has  "mitral  stenosis."  Two 
other  brothers  and  four  sisters  are  dead,  but  there  is  no  history  as  to  the  cause  of  death  in  any 
of  theui.     One  l^rother  is  alive  and  well. 

Previous  ilhiess.  As  a  ehild  he  lunl  measles.  2(i  years  ago  he  had  an  attack  of  acute  rheu- 
matism for  which  ho  was  treated  in  liospital  for  three  weeks.  A  fortnight  after  his  discharge  lie 
had  a  relapse  and  I'onsequently  returned  to  hospital  for  another  l(i  weeks.  Ho  hiis  hail  influenza 
from  thne  to  time  and  states  that  he  has  suffered  at  intervals  during  the  last  "ill  years  from 
similar  symjitoms  to  the  present  ones.  He  denies  ever  having  had  syphilis,  but  his  blood 
lias  given  a  positi\e  reaction  to  the  Wassermann  test. 

Present  illness.  The  present  attack.s  began  four  weeks  before  admission,  when  shortness 
of  breath,  swelling  of  the  feet  and  puflHness  of  the  eyes  were  noticed. 

Condition  on  admission  lo  hospital.  The  pulse  rate  is  lliO  antl  the  res|)irations  4u  to  tlie 
minute.  There  is  o.xtensive  pulsation  of  the  veins  of  the  nock,  easily  palpable  and  forcible  when 
the  patient  stands.  The  .systolic  blood  pressure  is  l(i.5  mm.  Hg.  (Kiva-Rocci).  Considerable 
cyanosis  ol  his  lips  and  ears  and  dyspnoea,  which  becomes  urgent  when  the  patient  lies  down, 
are  present.  The  arteries  at  the  wrist  are  considerably  thickened.  The  a|ic-\  bent  is  palpablo 
in  the  fifth  left  interspace.  Tho  cardiac  dulncss  extends  2\  ami  7  inches  to  right  and  loft 
of  the  mid-sternum.  A  soft  systolic  murmur  is  heard  at  the  a)je-\,  the  second  sound  is  scarcely 
audible.  A  well  marked  systolic  murmur  is  heard  at  the  aortic  area  and  the  second  sound  is  not 
distinct.  The  pulmonary  and  tricuspid  sounds  are  almost  inaudible.  There  are  numerous  rales 
over  the  bases  of  both  lungs  and  uni\ersal  wheezing  inspiratory  and  expiratory  rhonclii.  Signs 
of  ascites  are  found  and  the  liver,  which  is  palpable  three  fingerbica<lths  below  the  costal  nuirgin, 
show's  pulsation.  1'liere  is  cedeina  of  the  feet  and  legs.  Tho  urhie  is  scanty  in  amount  ;  it 
contains  a  trace  of  albiunen  and  hyaline  and  granular  casts  in  the  deposit. 

Freq^teiu'i/  and  duration  of  [juroxysms. 

When  the  patient  first  came  under  ohservation  he  was  in  a  i)aro.\ysm 
which  continued  without  break  for  a  whole  hour  of  observation.  From 
June  the  liith  until  August  the  24th  the  pnilse  rate  was  fast  on  all  the  numerous 
occasions  on  w  hieh  it  w  as  examined  ;  but  the  tacliycardia  was  interrupted 
from  time  to  time  by  short  periods  of  a  slower  and  more  normal  rhythm  ; 
thus  a  short  ixn-iod  of  tachycardia  generally  lasted  lor  from  five  to  ten  minutes 
and  was  usually  followed  by  one  or  tw o  beats,  oi'  a  somewhat  longer  i)eriod, 
of  the  normal  rhythm  ;    on  rarer  occasions  it  was  succeeded  by  a  longer  slow 
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period  with  a  duration  ot  porhajj.s  as  inucli  as  five  minutes.  The  tachyeardia 
was  tlien  resumed.  Tlie  meelianism  and  its  ehanges,  as  portrayed  l)y  poly- 
graphic  curves,  is  shown  in  Fig.  1  and  4.  In  Fig.  1  a  prolonged  paroxysm 
is  interru])ted  by  a  slow  period  consisting  of  nine  heats.  In  Fig.  4  a  similar 
I)aroxysm  ends  in  a  ^Jost-paroxysnial  pause,  a  single  beat  of  normal  rhythm 
follows,  and  the  paroxysm  is  then  continued.  During  the  observations 
made  between  August  the  24th  and  September  the  1st  the  normal  mechanism 
was  usually  jiresent  and  only  occasional  paroxysms  were  seen.  From 
September  the  1st  till  the  date  of  writing  (October  tlie  23th),  no  further 
paroxysms  have  been  observed. 

lidcrpretatiun   uj  (jraphic  rccurda. 

MecJuuiiam  of  the  heart  durimj  tlie  slow  periods. — The  rate  of  the  heart- 
beat during  the  slow  jjeriods  has  varied  between  GO  and  85  beats  \)ev  minute. 
The  rhythm  was  regular  except  for  the  occasional  occurrence  of  premature 
contractions,  which  \\ere  of  two  forms,  being  usually  auricular  but  occasion- 
ally ventricular.  An  examjile  of  the  curves  obtained  during  the  slow 
periods  is  show  n  in  Fig.  2.  The  a  wave  is  small,  the  c  and  v  w  aves  prominent. 
The  pulsation  was  so  great  during  the  ventricular  i)ortion  of  each  cycle  that 
the  receiver  was  usually  placed  so  that  only  one  portion  of  the  cujj  lay  in 
contact  with  the  pulsating  area.  The  u-c  interval  over  the  period  ot  obser- 
vation has  been  almost  constantly  jjrolonged  to  '  v  '  sec.  On  a  single  occasi(jn 
fuither  evidence  of  heart-block  was  obtained  during  the  slow  period.  This 
is  show  n  in  Fig.  7  in  w  hich  a  dropped  beat  occurs.  The  a  waves  in  this  figure 
are  indistinct  and  the  «  wave  belonging  to  the  centre  of  the  pause  is  not 
jjerceived.  Nevertheless  the  length  of  the  pause  and  the  position  of  the 
remaining  a  waves  leaves  little  doubt  of  the  jjresence  of  a  dropped  beat. 
Alternation  \Aas  present  in  the  curves  of  the  slow  period  from  time  to  time. 
On  one  or  two  occasions  it  i)ersisted  for  a  number  of  cycles  but  more  often 
it  was  only  noticeable  as  a  sequel  to  premature  contractions.  This  is  well 
shown  in  Fig.  3. 

The  electrocardiograms  taken  during  tlic  slow  jieriods  are  shown  in 
Fig.  8.  Fig.  8  consists  of  three  strijjs  (/,  II  and  ///),  which  correspond 
to  the  three  customary  leads,  i.e.,  right  arm  to  left  arm,  right  arm  to  left 
leg,  and  left  arm  to  left  leg.  Each  strij)  shows  two  C3'cles,  composed  of  an 
auricular  event  1'  and  ventricular  events  R,  S,  T  or  Q,  E,  H,  T.  The  F 
variations  in  lead  /  are  inconspicuous.  In  leads  //  and  111  they  are 
prominent.  The  P-li  interval  measures  0-27  seconds,  as  opposed  to 
0-1 2-0- 17  seconds,  the  normal  length.  The  shape  of  the  ventricular  complexes 
will  ])e  referred  to  again  in  discussing  the  jiaroxysmal  curves. 

Mechanism  of  the  heart  during  the  fast  periods. — The  heart  rate  during 
the  ])aroxysms  has  varied  considerabl}-.  AVhen  the  jiatient  was  first  seen 
the  rate  was  f(iO  jier  miiuite,  the  highest  limit  reached  ;  the  lowest  rate  was 
113  per  minute  ;    the  usual  rate   was   125-loU  per  minute.     There  was  no 
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change  of  rato  on  altt'i'lng  the  posture  of  the  patient  (lying,  sitting  or  standing) 
on  any  of  the  numerous  oeeasions  upon  wiiieh  he  was  tested  in  this  manner. 
The  jugular  curves  of  the  paroxysms  are  ilhistrated  by  Fig.  1,  3,  4  and  6. 
They  are  of  the  ventricuhir  form  ;  no  sign  of  an  «  wave  is  discovered  during 
the  periods  of  tachycardia.  The  venous  pulse  shown  in  Fig.  3  is  of  the 
jjlateau  form,  witli  sharp  upstroke  and  downstroke  at  the  beginning  and  end 
of  the  ventricular  systole  respectively  (jjeriod  marked  E).  Occasional 
premature  beats  interrupted  the  paroxysms,  one  such  is  shown  in  Fig.  5. 
Alternation  during  the  paroxysms  w  as  common  and  was  especially  prominent 
after  premature  beats  (Fig.  5)  and  at  the  commencement  of  paroxysms 
(Fig.  1,  3  and  4).  Alternation  also  occurred  in  the  venous  curve,  as  shown 
in  Fig.  3. 

The  electrocardiograms  of  the  paroxysmal  period  are  shown  in  Fig.  U. 
In  all  the  electrocardiograms  the  ordinates  represent  10^  volts.  This 
figure  consists  of  strips  /,  //  and  ///.  and  they  are  from  the  corre- 
sjjonding  leads.  A  comparison  may  be  instituted  between  the  shaj^e  of  the 
ventricular  complexes  of  these  three  strips  and  those  of  the  slow  rhj^thm 
(Fig.  8).  In  lead  /  of  Fig.  8,  R,  S  and  T  variations  are  present  and  T  is 
upright  ;  in  lead  /  of  Fig.  'J  T  is  partially  inverted  ;  the  measurements  of 
R  and  8  in  Fig.  8,  /,  and  Fig.  'J,  /,  show  no  ajjpreciable  differences.  In 
lead  //  of  Fig.  8  ventricular  systole  is  represented  by  Q,  R  and  S  and  an 
upright  T  variation  ;  in  Fig.  'J,  //,  it  is  rejjresented  by  similar  variations 
except  that  T  is  again  j^artially  inverted.  In  Fig.  8,  ///,  Q,  R,  iS  and  T 
variations  are  present;  in  Fig.  9,  ///,  these  same  variations  are  seen,  but 
8  is  much  deeper  and  T  is  once  more  jjartially  inverted.  The  sUght  irregu- 
larities of  this  curve  (Fig.  9,  ///)  are  due  to  muscular  tremor. 

The  first  noteworthy  feature  in  regard  to  these  curves  is  the  similarity 
of  the  electric  variations  which  correspond  to  the  opening  phases  of  ventri- 
cular systole  during  slow  and  fast  periods.  It  is  taken  as  evidence  of  the 
supraventricular  origin  of  the  paroxysms.  The  partial  inversion  of  T  in  the 
paroxysmal  curves  is  not  opposed  to  this  view,  for  such  a  modification  is 
weU  known  to  accompany  a  change  of  heart  rate.  The  second  feature  of  the 
paroxysmal  curves,  to  wliich  attention  is  draw  n,  is  the  absence  of  a  recognis- 
able variation  P,  the  auricular  representative.  Now  these  features  are  both 
frequent  in  cases  of  paroxysmal  tachycardia,  in  which  the  ventricular  form 
of  venous  pulse  is  jjresent,  and  amongst  other  causes  they  have  been  ascribed 
to  the  origin  of  such  paroxysms  in  a  point  of  the  auricular  tissue  which  gives 
an  auricular  reijresentative  of  an  anomalous  form  and  one  which  is  in  con- 
sequence difficult  to  identify.  The  ex25lanation  of  the  absence  of  a  wave 
in  the  jugular  curves  and  the  difiiculty  of  identifying  P  variations  in  isolated 
paroxysmal  curves  will  be  more  readily  a])j)reciated  when  the  curves  which 
show  the  onsets  of  2:iaroxysms  are  considered. 

Mcchuiiisiii   uj  llie  irav.silio/i. —  In  cases  of  ])aroxysmal   taclncardia   it   is 
often  necessary  to  obtain  the  couqilete  series  of  graphic  records,  namel}"  the 
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of  another.  Tlio  [lost-prtroxysmal 
ate  tlie  two  paroxysms.  The  ouly 
vvhicli  precede  the  nornuil  beat  aial 
he  (■ommencenient  of  tlie  paroxysm. 

aturo  contraction  wliirh  is  followed 


Fig.    \  sliows   tlie  end   of   one  ]iaroxysm   and   the  heyianin, 
pause  and   a  single  l)eat  of  the  normal  rhythm  separ 
auricular  re[iresentati%es  found  in  the  cm-\e  are  tlio.se 
that  which  precedes  the  tir.st  premature  radial  heat  at  t 

tig.   o  shows  the  interruption  of  the  paroxysm  by  a  prom; 
by  alternation. 

Fig.   (i.     A  polygraphic  cur\e  from  the  paroxysmal   period. 

of  alternation.     81iglit  alternation  is  present  in  lieats  1- 

tioii  and  is  followed,  in  beats  7- 10,  by  an  increase  in  the 
Fig.   7.     A  polygraphic  curve  from  the  slow  period,  showing  a  single  dropjied  beat. 


showing  an  increa-se  in  the  ilegree 
■).  Iieat  U  shows  an  abrupt  exaggera- 
tlegree  of  alternation. 
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venous  curves  of  the  iionnal  and  })aioxysnial  period  and  the  two  series  of 
eleetroeardiogranis.  eaeh  from  three  leads.  But  occasionally  even  this 
evidence  is  insufificient  in  obtaining  a  complete  analysis  of  the  mechanism 
which  is  present,  ^'ery  considerable  help  is  always  obtained  in  such  ca.ses 
by  a  consideration  of  the  curves  taken  at  the  transition  from  paroxysm  to 
slow  rhythm  and  slow  rhythm  to  paroxysm.  The  polygraphic  curves  Fig. 
3  and  4  show  the  onset  of  paioxysms.  Each  begins  with  a  jiremature 
contraction  of  the  lieait  which  is  rejjeated,  yielding  a  succession  of  rapid 
beats.  The  jjaroxysms  end  in  long  jJ^'Uses  (Fig.  1  and  4),  which  arc 
similar  in  duration  to  the  pauses  which  follow  the  premature  auricular 
contractions  interrupting  the  slow  periods.  These  facts  suggest  the  origin 
of  the  paroxysms  in  the  auricle.  The  same  origin  is  evidenced,  as  we  have 
seen,  by  the  nature  of  the  ventricular  complexes  in  the  electrocardiographic 
curves  ;  for  from  these  it  may  be  concluded  that  the  paroxysms  arise  in  a 
supraventricular  focus.  As  a  matter  of  fact  the  position  of  the  first  beat  in 
each  paroxysm  (Fig.  3  and  4)  is  such  that  the  auricular  contraction  is  recog- 
nisable (marked  d  in  Fig.  3  and  4)  ;  but  after  the  first  beat,  when  the  heart 
cycles  follo\\'  more  closely  upon  each  other,  the  a  waves  are  no  longer  visible. 
Precisely  similar  events  are  to  be  found  in  the  electrocardiogra^^hic  curves 
\\  hich  correspond  to  the  passage  from  slow  to  fast  period  (Fig.  10  and  11  are 
illustrative  of  this  jjoint). 

Fig.  10  commences  with  a  cycle  of  the  slow  jieriod  and  is  rc^jrcsentcd  by 
P.  Q.  B.  S  and  T  variations.  This  cycle  is  of  considerable  importance 
because,  belonging  as  it  does  to  the  slow  period,  the  shape  of  T  is  known. 
(The  curves  may  be  comjiared  with  Fig.  8,  ///).  There  is  a  noticeable  difl'er- 
encc  between  the  shape  of  this  T  variation  and  those  of  Fig.  S,  //,  and  the 
dift'erence  is  due  to  the  superimjjosition  of  an  anomalous  P  summit  U2)on  the 
2'  variation  in  question,*  The  next  ventricular  cycle  of  the  same  figure  is  a 
resj)onse  to  the  premature  contraction  of  the  auricle  but,  as  the  pause  which 
2Jrecedes  it  is  relatively  short,  the  T  variation  which  belongs  to  it  is  partially 
inverted.  The  second  premature  auricular  contraction  of  the  series  is 
obscure,  for  we  have  m)  uncomplicated  ventricular  cycle  of  the  same  tyjie  to 
comjiare  with  it.  Had  we  a  record  of  the  last  beat,  such  a  com]>arison  would 
have  been  ])ossible,  but  unfortunately  the  terminations  of  paroxysms  were 
not  obtainable.  Precisely  similar  events  are  sht)wii  in  Fig.  11.  Here  the 
last  two  beats  of  the  slow  period  are  shown,  and  also  the  first  beat  of  a  com- 
mencing jmroxysm.  The  two  slow  cycles  are  represented  by  P.  Q.  R,  S 
and  T  variations  of  similar  form,  exce^jt  that  the  second  7'  is  modified  by  the 
usual  su])erimposition  of  an  anomalous  P.  1'hus  the  commencements  of 
the  paroxysm  demonstrate  that  the  tachycardia  is  auricular  in  origin,  and 
in  ^•iew  of  the  fact  that  the  P  variations,  visible  at  the  onsets,  are  obviously 
not  of  ]irecisely  the  same  form  as  the  P  variations  of  the  slow  rhythm,  the  ]»oint 
of  origin  of  the  jiaroxysms,  though  amicular,  is  know  n  to  lie  at  a  distance  from 

*  The  diHiTeiice  i.s  sli>;!it.  llioiigl]   distinct,   in  the  reproihiction,  \vliitli   is   reduced;    is  quite 
clear  m  the  original  cur\e  and  cunstiint  tliruugli  a  series  of  curves. 
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tlio  pai'emaker  of  the  ht'ait.  Wc  aiu  dealing  eon«equeutly  with  i)aroxysms 
of  ectopic  and  auricular  origin.  That  the  paroxysm  arises  from  a  single 
auricular  focus  is  recognised  from  its  regular  sequence  of  beats  and  from 
analogy  with  other  cases.  The  absolute  position  of  auricular  representatives 
in  the  centres  of  the  paroxysms  is  not  known,  but,  from  a  comparison  of  the 
P-R  intervals  in  such  an  example  as  Fig.  10.  it  is  apparent  that  the  third 
P  falls  somewhere  during  the  progress  of  the  T  variation.  Auricle  and 
ventricle  contract  simultaneously  throughout  ;  the  auricular  contraction 
which  falls  with  one  ventricular  cycle  provides  the  impulse  for  the  succeecUng 
ventricular  contraction.  The  synchronous  contraction  of  auricle  and 
ventricle  results  in  this  case  from  prolongation  of  the  As-  Vs  interval  {u-c 
or  P-R  in  the  figures)  ;  a  prolongation  which  is  evident  during  the  slow- 
periods  and  at  the  commencement  of  each  paroxysm.  We  have  therefore 
a  ready  explanation  of  the  absence  of  a  waves  from  the  jugular  curves 
during  the  ])aroxysmal  stage  :    a  and  v  are  falling  together. 

The  electrocardiographic  curves  of  the  slow  periods  occasionally  show  ctl 
premature  contractions.  They  were  precisely  similar  in  form  to  the  first 
beats  of  the  jjaroxysms  as  they  are  illustrated  in  Fig.   10  and   11. 

In  describing  the  polygraphic  curves  of  paroxysms,  certain  early  con- 
tractions were  noted  (Fig.  5).  The  only  instance  in  which  such  an  early 
beat  has  been  recorded  electrocardiographically  proved  that  it  arose  in  the 
ventricle.  At  the  end  of  Fig.  10  a  large  downward  variation  is  succeeded 
by  an  ujiward  variation,  a  diphasic  curve,  which  is  usually  held  to  indicate 
the  origin  of  the  corresponding  contraction  in  the  apical  or  left  portions  of  the 
ventriculai'  muscle. 

In  the  polygraphic  curves,  the  fre(pa'nt  occurrence  of  a  preuuiture 
contraction  as  the  last  beat  of  a  paroxysm  luis  been  remarkable.  The  same 
event  has  often  been  seen  but  has  not  been  recorded  electrocardiographically. 
The  premature  beats  were  of  ventricular  form  as  shown  in  Fig.  10.  The 
occurrence  of  prenuiture  beats  at  the  end  of  ])aroxysms  has  been  so  frequent 
that  it  cannot  be  attributed  to  coincidence  but  must  have  had  some  definite 
relation  to  the  actual  termination.  During  the  paroxysms  they  have  been 
comparatively  rare  ;  thus,  in  records  of  40  paroxysms  a  i)reuuiture  contrac- 
tion ended  the  tachycardia  in  19  instances,  while  only  (5  premature  beats 
were  found  buried  in  the  same  jJaroxysms. 


C0KCLUSI0N.S. 

Tiic  observations  \\\)o\\  this  case  are  of  importance  because  they  help 
to  elucidate  an  ol)scure  form  of  paroxysmal  tachycardia.  It  is  show  11  that  in 
a  patient,  in  whom  regular  jiaroxysms  of  tacluTardia  were  acconqianied 
by  the  ventricular  form  of  venous  pulse,  the  ))aroxysms  were  of  auricular 
origin  and  thai  the  purely  ventricular  outline  of  the  jugular  pulsation,  and  the 
absence   of  sign   of   an  a   wave,   resulted   from   synchronous  contraction   of 
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auricle  and  ventricle  ;  it  is  also  shown  that  the  synchronism  ot  contraction 
was  due  to  a  delay  in  conduction  and  the  consequent  coincidence  of  an 
auricular  contraction  with  the  preceding  ventricular  cycle. 

While  this  was  certainly  the  mechanism  in  the  instance  described,  it 
does  not  necessarily  follow  that  a  precisely  similar  mechanism  occurs  in  other 
cases  of  paroxysmal  tachycardia  accompanied  l)y  the  ventricular  form  of 
venous  jjulse  ;  in  fact,  this  is  probably  not  the  case.  At  the  same  time  we 
now  have  evidence  of  one  of  the  ways  in  which  such  paroxysms  are  produced. 

I  take  this  opportunity  of  expressing  my  indebtedness  to  Dr.  Thomas 
Lewis  for  the  electrocardiograms  and  for  his  aid  in  their  interpretation. 

1  am  indebted  to  Dr.  W.  J.  Hadley  for  permission  to  pubhsh  the 
clinical  notes  of  the  case. 
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Af'UTE    CARDITIS    AND    HEART-BLOfK. 
By   H.  a.  BUTTERFIELD. 

(T^nirrrnHjl  Cdllrgr    Hoftpital   Mcdiciil  Sclionl). 

F.  K..  gill  atrt'd  l<>  yoai's,  was  admitted  to  the  T'ity  of  London  ltos]iital 
for  Diseases  of  Mic  Chest  on  .May  the  2tith,  liH  1. 

Hiatorij. — There  was  no  liistory  of  iieart  disease  or  of  liicuinatie  fever 
in  tiie  family.  Thi'  jiatient  eontracted  measles  in  infaney  and  had  sulTered 
from  time  to  time  with  jjuiii  between  the  shoulders.  'I'here  was  no  liistory 
of  acute  rheumatism,  scarlet  fever,  whooping  cough,  pneumonia  or  chorea. 

Five  weeks  before  admission  she  com])lained  of  palpitation.  |iain  in 
the  chest  and  back  after  food,  and  ])ain  in  the  knees. 

She  attended  the  Out-Patient  Department  for  two  weeks.  On  May  the 
12th,  Dr.  Riviere  found  that  the  heart  was  dilated  and  observed  a  systolic 
murmur  of  mitral  origin.  He  advised  the  mother  to  leave  the  girl  in  the 
hospital. 

She  was  finally  persuaded  to  come  into  the  iiospital  on  May  the  2(>th  as 
the  symjitoms  had  become  more  marked.  The  patient  was  now  seriously  ill 
with  ]iain  in  the  left  side,  sleeplessness  and  shortness  of  breath.  There  had 
licen  cough  and  exjiectoration  for  one  week. 

Stntr  OH  (((Iniis.iinn. — The  ])atient  was  an:emic,  the  tongue  was  slightly 
coated.  The  ])ulse  rate  was  rajjid,  l.'!2  ))er  minute,  regular  and  dicrotic. 
The  heait's  a]iex  l)eat  was  in  the  fifth  space,  one  inch  external  to  the  nipple 
line.  There  was  a  large  extension  of  dulness  to  the  right  of  the  sternum. 
A  systolic  murmur  was  present  at  the  ajjcx,  and  over  the  sternum  a  well 
marked  pericardial  rub  was  heard.  There  were  also  friction  sounds  over 
the  bases  of  both  lungs  at  the  back.  In  the  same  situation  flatness  of  the 
percussion   note   was  present.     The   urine   was  normal. 

On  the  27th  the  condition  remained  unaltered  ;  the  pulse  was  rapid, 
but  the  mechanism  of  the  heart  was  normal  (Fig.  1). 

On  May  the  28th,  some  cyanosis  was  noted ;  the  respirations  had 
increased  from  24  to  2S  jier  minute  and  were  eml)arrassed.  The  left  border 
of  dulness  was  then  twd  inches  outside  th(>  nijiple  line,  the  upper  border 
was  at  the  ujijier  border  of  the  third  rib.  There  were  loud  systolic  and 
rumbling  diastolic  bruits  in  the  mitral  area,  the  aortic  sound  w  as  only  faintly 
heard.  The  pulmonary  and  tricns])id  sounds  were  normal.  The  friction 
\\as  still  ])resent.  There  was  bronchial  breathing  at  the  right  a]iex,  moist 
cre]iitations  at  both  ajnces  and  well  marked  dulness  over  both  bases,  more 
especially  over  the  right.  Breath  sounds  over  tlu-  right  base  were  almost 
connilctely  absciit.      I!alcs  wcic  heard  on  both  sides. 
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Fig.  1.  A  iirilygraiiliic  cMirvo  takrii  on  May  tho  27th.  Tlic  radial  pulse  is  rapid  and  irregular. 
The  jugular  curve  shows  inarke<l  re.spiratory  exmir.sions.  except  at  tlie  end  of  the  tracing, 
where  breathing  ceased.  The  a  \\:\\t^'<  are  clear  for  tliree  cycles  and  the  ac  interval  sliglitly 
exceeds  one-fifth  of  a  seconcl. 
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Fig.  2.  A  polygraphic  curve  showing  two  dropped  beats.  The  a-c  intervals  show  progressive 
increase  np  to  the  point  at  which  tliese  heats  are  ilropped.  The  longest  interval  is  approxi- 
mately '  ,-.  •  second.      (May  tlic  31st.) 


Fig.   3.     A  jiolygraphie  enrve  taken  oti  .Tunc  I  lie  Tth.      A  \i'ntricular  n^siionse  is  lost  after  ea(th 
third   auricular  contraction. 
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Fig.   A.     A  polygraphic  onr\ o  taken  on  the  day  of  death.     It  shows  occasional  dropped  beats. 
(June  the  "lOth.) 
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On  May  the  30th,  the  ])ulso  was  first  notif^c^d  in  be  iiTegular  ;  the 
irregularity  was  due  to  paitial  heart-bhjik,  and  consisted  of  occasional  pulse 
intermissions. 

On  May  the  31st.  the  blocked  beats  were  still  ])resent  (Fig.  2).  The 
physical  signs  in  the  chest  remained  practically  unaltered. 

On  June  the  1st  she  received  digitalis  in  10  minitn  doses  of  the  tincture 
and  this  was  continued  imtil  .June  the  5th.  Dro]iped  beats  were  jiresent 
throughout  the  whole  of  this  time  and  the  jiatient  showed  considerable 
improvement,  in  so  fai-  as  her  sym)>toms  were  concerned,  u])  till  tiie  day  on 
which  the  digitalis  was  discontinued,  when  slie  became  more  dys])nnMc  and 
cyanosed . 

On  .huie  the  7th.  one  beat  in  three  was  missed  (Fig.  3).  and  on  the 
Sth,  a  ))ause  occurred  after  each  third  or  fourth  beat  ;  on  these  days, 
tubular  breathing  was  heard  in  the  right  axillary  region.  Pericardial 
friction  was  still  present,  but   was  not  so  audible. 

Diu'ing  the  stay  of  the  jiatient  in  hos)>ital.  tlie  tem]ieratnre  was  inter- 
mittent, ranging  from  I'T-lOO  degrees  Fahrenheit.  The  )iulse  rate  varied  from 
S0-13();  the  respirations  from  24  to  4S.  The  urine  flow  was  ])lentifu] 
throughout. 

The  dropped  beats  continued  till  the  time  of  death  (Fig.  4).  which 
occtn-red  on  June  the  10th  at  (i.la  ji.ui.  The  ]iost-mortem  was  held  at 
2.30  ]i.ni.   on   the    12tli. 

rofl-Dlortl'lH. 

The  body  is  that  of  a  well  nourished  girl.  The  oesophagus  and  trachea, 
the  cervical  and  bronchial  glands  a])])eai-  healthy.  In  the  right  pleural  sac 
there  is  a  quantity  of  clear  yellow  fluid  :  a  little  is  al.so  seen  in  the  left  cavity. 
The  lungs  (right.  17  oz..  and  left.  15  oz.)  are  somewhat  oedematous  and  there 
are  ])atches  of  eollajjse  in  the  right  organ.  The  pericardium  is  loosely 
adherent  ;  recent  adhesions,  readily  sej^arated,  are  ]iresent.  and  there  is  no 
e.xcess  of  fluid.     The  e]iicardium   is  covered   with  a  semijtlastic  e.vudate. 

Heart. — The  weight  w  ith  the  j^ericardium  is  22  oz.  ;  the  weight  w  ithout 
the  ])ericardium  15J  oz..  The  muscle  is  soft,  friable  and  ])alc.  There  is  no 
c\idence  of  fatty  change.  The  left  ventricle  is  markedly  dilated.  The 
mitral  valve  exhibits  a  series  of  recent  vegetations  near  the  fla]i  margins. 
The  ring  is  not  narrowed.  The  aortic  valve  is  studded  with  small  recent 
vegetations  along  the  borders  of  the  cusps.  The  valve  is  incompetent.  The 
right  ventricle  shows  dilatation.  There  are  a  few  fresh  vegetations  on  the 
tricuspid  valve  margins,  and  there  is  an  extensive  accumulation  of  ante- 
mortem  clot  around  the  valve  curtains.     The  ]nilmonary  valves  are  healthy. 

The  liver  weighs  57  oz..  and  is  engorged.  The  kidnevs  weish  S.i  oz. 
together  and  have  a  healthy  aji^ieaiance.  So  also  has  the  spleen,  which 
weighs  6^  oz..  The  remaining  abdominal  organs  are  normal.  No  secondary 
abscesses  are  to  be  found. 
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Microscnpir  pxamindtion  of  fJtf  Jirftrt. 

The  heart  had  lieen  fixed  in  Forniol-Muller  sohition.  This  was  washed 
out  as  far  as  jiossihle  and  the  remainder  of  the  fixation  carried  out  in  a  solution 
of  four  ]ier  cent,  formalin  in  normal  saline.  The  area  containing  the  auriculo- 
vcntricular  node  and  bundle  w  as  excised.  All  Mere  hardened  and  dehydrated 
in  absolute  alcohol,  passed  through  carbon  bisulphide  and  thence  embedded 
in  paraffin  with  a  melting  point  of  52"  Centigrade.  Two  pieces  of  tissue  were 
removed  from  the  centre  of  the  external  \\all  of  each  of  the  chambers  of  the 
heart,  in  ])lanes  parallel  and  at  right  angles  to  the  surface.  Portions  of  the 
valves  and  the  thickened  pericardium  were  also  taken.  The  sections  of  the 
node  and  bundle  were  cut  in  series,  every  fifth  being  mounted.  The  sections 
were  cut  12  micromillimetres  in  thickness,  with  an  occasional  thin  one  at 
regular  intervals  to  obtain  minute  histological  detail,  and  were  stained  with 
Ehrlich's  acid  hsematoxylin  and  van  Gieson's  solution  ;  the  sections  from 
the  remaining  blocks  of  tissue  Avere  of  varying  thickness  and  were  stained 
\\ith  hsematoxylin  and  eosin.  h;ipmatoxylin  and  van  Gieson's  solution,  the 
methyl  green  and  ])yronin  mixture  of  Papjienheim  and  IMaini's  methyl-blue 
eosin  mixture.  The  bacteriology  was  studied  mainly  in  the  valves,  the 
methods  used  being  the  Eosin-Gram-Weigert  procedure  for  the  Gram  staining 
organisms  and  Zieler's  method  for  the  bacteria  in  general. 

Frozen  sections  were  also  cut  from  various  jiarts  of  the  heart  and 
stained  for  fat  \\ith  Scharlach  R  in  acetone-alcohol  solution,  control  ti.ssues 
known  to  be  fatty  Iteing  used  in  all  cases  to  verify  the  staining  ]iro])erties 
of  the  reagent.  Repeated  attemjits  to  demonstrate  fatty  jiarticles  in  the 
muscle  fibres  had  negative  results. 

Bacteriological  examination  showed  the  ]iresence  of  numerous  Gram- 
positive  diplococci  with  a  tendency  to  short  chain  formation  and  in  some 
eases  to  only  partial  retention  of  the  methyl  violet  stain  used.  Some  of 
these  organisms  were  very  small  and  in  general  they  were  smaller  than  the 
ordinary  streptococcus  pyogenes.  No  capsulated  organisms  were  found 
and  the  examinations  by  Zieler's  method  gave  the  same  results  as  that  for 
Gram  positive  bacteria. 

HistologicaUy  the  cardiac  muscle  fibres  were  normal  in  appearance  and 
showed  the  usual  transverse  striation  perfectly  well  throughout. 

The  sections  examined  from  the  external  wall  of  the  right  ventricle 
showed  a  slight  general  increase  in  the  connective  tissue  elements  and  fairly 
well  marked  perivascular  infiltrations,  which  were  almost  entirely  lympho- 
cytic in  character  with  an  occasional  large  mononuclear  cell.  The  muscle 
immediately  under  the  epicardium  seemed  unaffected  by  the  jjroliferation 
of  the  connective  tissue  elements  consequent  on  the  ]iericarditis,  a  statement 
which  holds  good  in  the  case  of  the  ventricular  wall  on  the  left  side  as  well 
as  on  the  right. 
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The  sections  of  the  external  wall  of  the  left  ventricle  showed  a  small 
general  increase  in  the  connective  tissue  elements  and  small  perivascular 
infiltrations  which  differed  somewhat  from  those  on  the  right  side  in  that 
they  contained  a  constant  small  proportion  of  polymorphonuclear  leucocytes. 
Among  the  newly  formed  connective  tissue  on  the  surface  of  the  ventricle  a 
well  marked  giant  cell  lesion,  in  connection  with  a  vessel  and  surrounded  by  a 
lymiDhocytic  and  large  mononuclear  infiltration,  was  found.  Except  that  it 
occurred  in  obvious  association  with  a  vessel  and  that  no  leucocytes  were 
found  in  the  infiltration,  it  corresponded  in  all  respects  with  the  valvular 
lesion  depicted  in  Fig.  5  which  is  fully  described  below. 

In  the  rigid  auricle  a  considerable  increase  in  the  connective  tissue 
elements  was  found  with  extensive  perivascular  infiltrations  of  lymphocytic 
character.  In  the  thickened  epicardium  of  this  region  some  single  giant 
cells  were  seen.  They  had  the  same  staining  character  as  those  described 
below  in  connection  with  the  valves,  interaiiricular  septum  and  bundle,  and 
they  were  in  close  relationship  with  vessels.  The  accompanying  infiltrations 
were  mainly  lymphocytic  with  an  occasional  leucocyte. 

The  sections  of  the  external  wall  of  the  left  auricle  showed  perivascular 
infiltrations,  especially  marked  at  the  surface,  and  a  greater  increase  of  young 
connective  tissue  than  any  other  part  of  the  heart  examined.  Giant  cells 
were  found  in  the  thickened  e]iicardium  and  several  very  large  mononuclear 
cells  occurred  in  the  surrounding  infiltrations  which  also  showed  leucocytes 
and  lymphocytes. 

The  auriculo-ventricnlar  node  was  deeply  involved  in  the  morbid  process, 
particularly  in  the  neighbourhood  of  the  central  fibrous  body,  where  the 
normal  appearances  were  completely  obscured  by  a  dense  cellular  infiltration 
of  lymphocytes,  leucocytes  and  large  mononuclear  cells.  Throughout  the 
remainder  of  the  node  and  bundle,  with  the  excejition  of  the  right  branch, 
every  vessel  was  surrounded  by  an  infiltration  composed  almost  entirely  of 
lymi)hocytes.  The  infiltration  in  the  neighbourhood  of  tlie  central  fibrous 
body  contained  a  much  larger  projiortion  of  jiolymorphonuclear  leucocytes  than 
any  of  the  infiltrations  in  other  parts  of  the  heart,  except  those  in  the  immediate 
neighbourhood  of  the  giant  cell  lesions  in  the  interauricular  septum  and  the 
valves.  The  appearance  of  the  node  in  the  neighbourhood  of  the  central 
fibrous  body  is  shown  in  Fig.  7  which  is  a  reproduction  of  a  microphotograph 
taken  from  that  region. 

No  giant  cells  or  other  large  cells  having  similar  staining  reactions  were 
found  in  any  portion  of  the  node  proper.  The  right  branch  of  the  bundle  was 
unaffected  ;  the  left  branch,  on  the  other  hand,  was  surrounded  by  infiltrations' 
throughout  the  whole  of  its  traced  course  under  the  surface  of  the  left 
ventricle.  In  addition  to  the  infiltrations,  which  shared  the  general  character- 
istics described  in  connection  with  the  perivascular  phenomena,  the  giant 
cell  lesion  which  is  shown  in  Fig.  8  was  discovered  in  the  fibrous  sheath  in 
close  proximity  to  the  fibres  of  this  branch  of  the  bundle.     There  seemed 
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to  be  some  diminution  in  the  size  of  tlie  fibres  at  this  point  ;  but  the  changes 
were  not  conspicuous  and  the  surrounding  infiltration,  which  was  such  a 
marked  feature  in  the  other  two  giant  cell  lesions  from  which  illustrations 
are  given,  consisted  in  this  region  of  a  very  few  lymphocytes  and  poly- 
morphonuclear leucocytes. 

Fig.  6  is  a  drawing  of  a  large  collection  of  giant  cells  found  close  under 
the  endocardium  of  the  left  auricle  in  the  interauricular  septum  and  well 
above  the  level  of  the  upper  portion  of  the  node.  This  cell  group  formed  a 
band  of  tissue  at  right  angles  to  the  internal  surface  of  the  auricle  and  lay 
close  to  apparently  normal  cardiac  muscle.  Its  constituent  cells  call  for  no 
separate  descrijjtion,  since  they  were  similar  to  those  of  the  valve  lesion 
subsequently  described.  A  few  other  groups  of  cells  were  seen  having  a 
similar  arrangement  and  similar  staining  reactions  but  only  single  nuclei. 
These  occurred  well  towards  the  left  side  of  the  interauricular  septum  deep 
in  the  sub-endocardial  connective  tissue.  On  the  right  side  of  the  septum 
throughout  the  series  there  were  groups  of  cells  having  from  one  to  three 
nuclei  ;  from  their  staining  jDroperties  they  seemed  to  be  of  the  same 
nature.  Their  presence  was  unassociated  with  lesions  of  the  endothehum 
except  at  two  points  where  local  destruction  had  evidently  taken 
place. 

The  valves  showed  considerable  thickening,  recent  vegetations  and  numer- 
ous localised  areas  denuded  of  endothelium  and  covered  by  recent  fibrinous 
deposits.  The  substance  of  the  valves  was  completely  vascularised  ;  in  all 
segments  of  the  mitral,  aortic  and  tricuspid  valves  giant  cell  lesions  were 
seen  in  all  stages  of  formation.  One  of  these  valvular  lesions  is  shown  in 
Fig.  5  which  is  a  drawing  of  a  portion  of  the  posterior  aortic  cusp.  The 
giant  cells  in  this  and  the  other  situations  stained  very  deeply  with  the 
combination  of  hematoxylin  and  van  Gieson  used  for  the  serial  sections  and 
their  multinucleate  character  was  difficult  to  establish  under  a  low  power  of 
the  microscope.  The  nuclei  were  either  heaped  together  in  the  centre  of  the 
cell  or  evenly  distributed  in  the  protoplasm,  but  showed  no  tendency  to 
arrangement  round  the  cell  periphery  as  in  tubercular  giant  cells.  The 
jjeriphery  of  each  individual  nucleus  stained  very  deeply  with  the  hematoxy- 
lin and  a  densely  staining  chromatin  mass  of  irregular  size  and  shape  was 
usually  visible  in  the  centre,  leaving  the  remainder  of  the  nucleus  clear  or 
showing  only  a  few  fine  fibrils  of  chromatin  substance  so  arranged  as  to  give 
the  appearance  of  a  loose  meshwork.  The  protoi^lasm  around  these  nuclei  had 
a  marked  affinity  for  alkaline  dyes  and  stained  deeply  with  hfematoxyhn. 
None  of  the  giant  cells  in  the  heart  or  pericardium  showed  necrosis,  though 
some  stained  more  deeply  than  others  ;  as  the  latter  were  found 
among  connective  tissue  which  appeared  more  mature  than  that 
in  which  the  deeply  stained  forms  were  observed,  it  is  possible 
that  the  more  faintly  staining  forms  represented  a  later  stage  in 
development. 
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The  particular  lesion  shown  in  Fig.  5  showed  no  connection  with  any 
vessel  nor  did  the  other  similar  lesions,  with  the  excejjtion  of  the  examples 
which  occurred  in  the  thickened  epicardium  over  the  left  ventricle  and  the 
right  auricle.  The  lesions  obviously  associated  with  vessels  took  the  stain 
deeply. 

Large  cells  in  groups  of  from  four  to  twenty,  and  possessing  single 
nuclei,  were  found  in  the  neighbourhood  of  the  multinucleate  cells.  They 
differed  from  the  giant  cells  in  size  and  numbers  of  nuclei  only.  There  were 
many  of  such  groups  in  the  valves,  both  in  the  highly  vascularised  connective 
tissue  and  immediately  underneath  fibrin-capped  lesions  of  the  endocardium. 
In  working  systematically  through  a  score  of  these  groups  all  gradations  from 
an  enlarged  connective  tissue  cell  to  a  small  giant  cell  with  two  or  three 
nuclei  seemed  apparent. 

On  the  whole  these  lesions  correspond  with  those  described  by  Aschoff 
and  Tawara  ^  '""'  ',  and  by  Carey  Coombs^  in  this  country,  as  occurring  in 
acute  rheunuxtic  infection  of  the  heart. 

My  thanks  are  due  to  Dr.  Thomas  Lewis  for  the  opportunity  of  pubUshing 
the  case  and  for  the  use  of  the  clinical  notes  and  curves. 


Summary. 

A  case  of  acute  infection  of  the  whole  heart,  including  its  memitranes, 
is  described. 

Partial  heart-block  supervened  eleven  days  before  death,  and  continued 
until  that  event  took  place. 

Histological  examination  of  the  heart  showed  the  presence  of  a  widely 
diffused  inflammatory  infiltration,  conspicuous  m  the  region  of  the  central 
fibrous  body  and  reaching  its  greatest  intensity  in  the  auriculo-ventricular 
node,  where  that  structure  lies  in  proximity  to  the  central  fibrous 
body. 

The  infection  was  a  uniform  one  by  Gram-staining  organisms  which 
were  non-capsulated  diplococci  tending  to  form  short  chains  and  occurring 
more  especially  in  the  valves,  eiiicardium  and  pericardium. 

The  nature  of  the  inflammatory  reaction  was  similar  to  that  described 
by  Aschoff  and  Tawara  as  being  characteristic  of  rheumatic  infection. 

The  lesions  consisted  chiefly  of  lymphocytic  infiltrations  ;  though 
polymorphonuclear  leucocytes  were  also  present  in  the  node  and  around 
certain  specialised  cellular  lesions. 
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FIBRILLATION    OF    THE    VENTRICLES    AT    THE    END    OF    AN 
ATTACK    OF    PAROXYSMAL    TACHYCARDIA    IN    MAN. 

Bv    AUGUST    HOFFMANN. 

(  Diis.seldorf). 

A  case  of  paroxysmal  tachycardia  ("  heart  hurry  "),  which,  by  chance, 
I  had  an  opportunity  of  studying  with  the  electrocardiograph  at  the  end  of 
an  attack,  seems  to  me  to  be  sufficiently  remarkable  to  permit  its  publication 
at  the  present  time.  Full  knowledge  of  the  mode  of  origin  of  the  common 
and  special  crises  of  tachycardia,  which  I  have  designated  by  the  use  of  the 
term  "  heart  hurry,"  has  not  been  obtained  as  yet.  That  they  may  be 
produced  through  nerve  channels  can  certainly  be  admitted  from  clinical 
observations.  In  a  monograph'^  of  1911  I  put  together  the  cases  known 
at  that  time,  commencing  with  the  case  recorded  by  Cotton  in  England  in 
1867.  And  I  arrived  at  the  conclusion  that  the  tachycardial  paroxysm 
stands  by  itself  as  a  special  rhythm  disorder  of  the  heart,  whose  cause  could 
not  receive  explanation  from  an  anatomical  examination  of  post-mortem 
material.  I  held  the  view  that  there  must  be  paroxysms  of  ventricular 
extrasystoles,  especially  becau.se  at  the  end  of  the  paroxysms  recorded  in 
pulse  curves,  the  pulse,  having  slowed,  showed  scattered  ventricular  extra- 
systoles  from  time  to  time.  At  a  later  date,  and  particularly  as  the  result 
of  observations  upon  a  case  in  which  at  first  a  doubling  and  afterwards  a 
quadrupling  of  the  pulse  rate  was  clearly  and  repeatedly  seen  in  curves 
at  the  beginnings  and  endings  of  paroxysms,  I  was  forced  to  adopt  the  view 
that  perhaj)s  the  normal  point  of  stimulus  production  might  also  be  the  seat 
of  this  special  rhythm  disturbance.* 

In  the  meanwhile,  it  has  become  certain,  through  the  electrocardio- 
graphic researches  of  Thomas  Lewis,'*  that  the  accelerated  systoles  of  the 
attack,  at  all  events  so  far  as  the  ventricle  is  concerned,  are  produced  through 
the  path  of  the  normal  conducting  tissues  ;  an  observation  which  I  have 
also  made  in  many  cases.  Hering^  who  held  that  it  is  doubtful  if  nerve 
disturbance  can  give  rise  to  extrasystoles  or  to  such  paroxysms  of  rapid 
heart  action  as  are  ascribabk^  to  extrasystoles  in  man,  for  they  were  not 
found  to  arise  so  in  dogs,  has  adopted  the  view,  since  Rothberger  and  Winter- 
berg^  have  established  this  phenomenon  experimentally,  that  a  combined 
action  of  vagus  and  accelerans  may  bring  about  a  change  in  the  position  of 
the  ijoint  of  most  frequent  impulse  formation  from  the  Keith-Flack  node  to 
the  auriculo-ventricular  conducting  system  ;  the  point  of  most  frequent 
impulse  formation  controls  the  heart  as  a  whole  ;  and  "  nomotopic  "'  im- 
pulses are  replaced  according  to  his  view  by  those  of  '"  heterotopic  "  origin. 

The  electrocardiographic  method  gives  a  deeper  insight  into  the  excita- 
tory processes  associated  witii  the  heart  action  than  any  other,  and  analyses 
these  processes  in  the  human  subject  with  the  accuracy  of  a  physiological 
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exjDeriment.  By  means  of  this  method,  Rothberger  and  Winterberg^  have 
recently  shown  that,  influenced  by  certain  iioisons,  extrasystohc  tachycardia 
may  result  from  stimulation  of  the  sympathetic.  A  determination  of  the 
events  portrayed  by  the  string  galvanometer  during  the  attack  and  between 
the  attacks,  and  also  all  the  happenings  at  the  beginning  and  ending  of  the 
attack,  must  consequently  have  considerable  interest.  In  the  many 
published  radial  and  venous  curves,  a  notable  irregularity  is  perceptible  at 
the  beginning  and  ending  of  the  attack,  before  the  slow  rhythm  passes  into 
the  fast  and  the  reverse.  The  true  attack  of  "  heart  hurry  "  begins  and 
ends  suddenly  and  with  irregular  heart  beats.  The  irregularity  at  the  end 
of  the  paroxysm  is  often  introduced  by  a  long  pulse  pause,  which  stretches 
over  the  length  of  several  normal  pulse  pauses  ;  occasionally  this  pause  is 
disturbed  by  isolated  irregular  beats,  and  the  slow  rhythm,  which  has  as  a 
rule  a  rate  of  half  that  of  the  termination  of  the  paroxysm,  is  re-established. 
As  the  apex  beat  and  venous  pulse  show  the  same  events  as  the  arterial 
pulse,  namely,  an  irregular  bradycardia,  so,  it  must  be  recognised  that  the 
ventricular  action  is  slow  also.  This  event  has  not  been  observed  in  the 
Rontgen  picture,  but  has  been  inscribed  by  the  string  galvanometer.^ 

The  case  which  I  am  about  to  describe  showed  special  galvanometric 
curves  at  the  cessation  of  the  paroxysm. 

The  patient  was  a  female  cook  of  26  years,  who  was  under  treatment 
at  the  time  for  nervous  dyspepsia  in  my  clinic.  She  had  previously  suffered 
from  chlorosis,  and  had  frequent  discomfort  of  the  stomach  for  17  years  as 
a  result  of  it.  The  discomfort  consisted  of  cramping  pains  in  the  stomach 
region  and  poor  apjjetite.  No  blood  had  been  vomited  nor  had  any  jiassed 
in  the  stools.  A  diffuse  tenderness  was  jiresent  in  the  epigastrium,  a  point 
above  the  navel  being  especially  sensitive  to  pressure.  Examination  of  the 
stomach  contents  by  means  of  a  test  breakfast  showed  well  digested  food 
material  ;  the  total  acidity  was  45,  the  free  hydrochloric  was  20  ;  therefore 
there  was  no  hyperaciditj'.  Nourishing  treatment  produced  an  increase  of 
weight  of  H  kilogrammes  and  abolished  the  discomfort  in  fourteen  days. 

On  February  the  28th,  1911,  the  jjatient  exhibited  a  remarkable  attack 
of  "  heart  hurry,"  and  stated  that  she  had  suffered  from  similar  attacks  from 
time  to  time,  since  her  eighteenth  year.  At  first  they  lasted  I  or  -J  an  hour, 
later  2  or  2i  hours.  The  attacks  came  at  irregular  intervals  of  about  two  or 
three  months  ;  and  she  spoke  of  running  upstairs  and  emotion  as  the  chief 
provocative  causes.  A  feeling  of  great  anxiety  and  weakness,  but  no  pain, 
was  experienced  in  an  attack.     The  paroxysms  began  and  ended  suddenly. 

During  the  attack  the  patient  was  very  pale,  the  lungs  showed  no 
unhealthy  signs,  the  breathing  was  regular,  there  was  neither  cough  nor 
expectoration.  The  heart's  dulness  was  not  increased,  and  the  Rontgen 
picture  showed  a  normal  heart.  The  heart  shadow  had  a  breadth  of  12  cm.. 
The  heart  action  was  increased  ;  between  ISO  and  208  beats  per  minute 
were  counted.  The  heart  sounds  were  clear  and  showed  tlie  phenomenon 
of  embryocardia.  At  the  wrist  the  pulse  was  scarcely  countable,  it  was  so 
rajjid  that  the  waves  ran  together.     The  blood  pressure,   measured  after 
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the  manner  of  Recklinghausen,  was  140:80  cm.  of  water  (systolic  and 
diastolic).  The  apex  heat  was  not  localised  ;  the  hand,  laid  on  the  chest, 
felt  strong  and  regular  fluttering  of  the  thoracic  wall  in  the  heart  region. 

Examination  of  the  nervous  system  showed  no  change  in  sensitivity  or 
mobihty.  The  skin  and  throat  reflexes  were  a  Uttle  depressed,  the  tendon 
jerks  were  somewhat  exaggerated.  The  haemoglobin  content  of  the  blood 
was   70  i^er  cent.   (Sahlis  method).     The  hands  tremi^led  a  little. 

The  attack  had  been  brought  about  by  shock  ;  the  patient  had  been  told 
of  the  death  of  a  friend  in  the  morning.  At  the  instant,  as  she  received  the 
information,  the  attack  began.  An  electrocardiogram  was  taken,  and  while 
two  leads  were  being  simultaneously  employed  (lead  /,  from  the  right  arm 
to  left  arm  and  lead  ///,  from  the  left  arm  to  left  leg)  using  two  galvano- 
meters for  the  ]nirpose,  the  jKxroxysm  ceased.  The  pulse  frequence  dropped 
to  92.  At  first  the  pulse  was  irregular  and  small,  but  soon  became  regular. 
The  Rontgen  picture,  taken  immediately  after  the  end  of  the  attack,  showed 
the  heart  to  be  unchanged  in  size.  The  blood  pressure  a  quarter  of  an  hour 
after  the  attack  had  risen  to  160  :  100.    The  heart  sounds  were  clear  but  soft. 

The  curves  taken  during  the  attack  are  of  sjiecial  interest.  In  leads 
/,  //  and  ///  (Fig.  1  and  2),  a  great  acceleration  of  rate  is  sliown;  the  heart 
rate  was  constant  throughout.  The  systoles  have  the  character  of  typical* 
electrocardiograms,  though  in  lead  /,  the  variation  S  is  much  deeper  than 
normal,  and  the  curve  between  S  and  T,  and  between  T  and  the  next  ill- 
marked  P,  is  very  short.  T  is  well  seen  ;  P  on  the  other  hand  is  not  so  clear. 
The  rate  in  this  curve  is  180  to  the  minute.  Leads  //  and  ///,  which 
were  taken  simultaneously  with  lead/,  also  show  '"typiear"  electrocardiograms. 

The  end  of  the  attack  is  shown  in  Fig.  2  and  is  very  special.  The  beats, 
which  were  regular  up  to  this  point,  are  now  shown  to  be  interrupted  by  two 
ventricular  extrasystoles  of  the  type  described  by  Kraus  as  coming  from  the 
left  ventricle.  From  this  point  they  are  irregular  throughout  ;  the  move- 
ments of  the  string  conform  neither  to  "  typical  "  nor  "  atypical  "  forms, 
but  consist  of  relatively  slow  irregular  diphasic  movements,  though  move- 
ments having  a  similarity  to  "  atypical  "  electrocardiograms  are  perceptible 
during  tliis  period.  This  irregular  movement  of  the  string  continues  without 
break  for  two  seconds,  and  then  two  electrocardiograms  of  the  left  ventricular 
type  follow.  In  leads  /  and  ///  the  beats  run  in  different  directions,  just 
as  they  usually  do  when  "  atypical  "  electrocardiograms  are  jiresent.  This 
circumstance  is  an  evidence  that  the  swinging  of  the  string  was  governed  by  no 
other  movements  tlian  those  of  the  heart,  since  movements  of  the  string,  such 
as  are  produced  by  accidental  currents  or  voluntary  movements  of  the  patient, 
are  in  the  same  direction  in  leads  /  and  ///.  Following  this  "  delirium  "  of 
the  curve,  tlicre  arc  further  regular  electrocardiograms  of  the  normal  "ty]iical" 
character,  and  they  are  similar  in  shape  to  those  taken  throughout  the 
attack.  In  the  curves  following  the  paroxysm  (Fig.  2  and  3),  where  the 
heart  action  is  slow,  "  atyjxical  "  electrocardiograms  are  seen  from  time  to 

*  The  adjeutive  "  ty[)isolie  "'  i.s  applied  on  the  continent  to  ventricular  electric  cur\es  of 
nomial  outline,  as  opposed  to  thoso  which  are  termed  "  atypische,"  namely,  such  as  are  given 
by  ventricular  extrasystoles.  —  Ed. 
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time  ;  and  these  are  such  as  are  seen  as  a  rule  in  left  sided  ventricular  extra.- 
systoles.    After  some  time  these  atypical  beats  are  also  lost  from  the  curves.* 

What  do  these  curious  events  mean  ?  An  assistant,  controlling  the 
patient  and  feeling  the  carotid  with  the  finger,  remarked  the  end  of  the  attack, 
and  noted  the  cessation  of  the  pulse  for  some  while  ;  he  exclaimed  "  the 
pulse  is  gone."  We  may  now  explain  the  cessation  of  pulse  in  the  radial 
curve  in  such  attacks,  during  the  recorded  period  of  irregular  bradycardia 
which  is  led  up  to  by  a  long  pulse  pause.  During  the  pause,  large  potential 
changes  in  the  heart  are  shown.  If  the  curves  here  given  are  compared  with 
the  irregular  swings  which  are  seen  in  curves  of  ventricular  fibrillation  taken 
from  dogs,  they  will  be  found  alike.  In  the  dying  hearts  of  dogs  I  have 
repeatedly  obtained  similar  curves  ;    one  is  shown  in  Fig.  6. 

I  believe,  therefore,  that  at  the  end  of  the  tachycardial  attack,  the 
ventricle  fibrillates  (as  Kronecker  speaks  of  it)  for  a  short  time,  and  that  during 
this  fibrillation  a  few  weak  systoles  occur,  until  suddenlj'  the  normal  rhythm 
is  again  resumed.  It  is  very  noteworthy  that,  ventricular  extrasystoles 
once  more  disturb  the  normal  rhythm,  as  shown  by  the  "  atypical  "  electro- 
cardiograms, until  a  fully  normal  action  of  the  heart  is  again  established. 
This  had  been  observed  before  in  sphygmograph  curves.  The  observation 
shows  that  the  attacks  of  heart  hurry  consist  of  a  severe  disturbance  of  the 
movements  of  the  heart,  brought  about  in  our  patient  by  emotion,  and 
manifestly  through  nervous  channels.  The  end  of  the  attack  is  so  con- 
stituted that  the  controlling  impulses  from  the  normal  point  are  removed  ; 
and  this  statement  applies  to  the  joaroxj-sm  also.  At  the  transition  from 
the  fast  to  slow  heart  action  a  moment  comes  in  which  the  ventricle  responds 
to  no  regular  impulses,  but  beats  inco-ordinately,  while  the  normal  stimulus 
site  withholds  its  impulses,  a  condition  w  hieh  lasts  only  a  few  seconds,  until 
it  again  takes  uj)  its  task  as  the  pacemaker  of  the  heart.  It  seems  wonderful 
that  the  human  heart  should  proceed  apparently  without  observable  damage 
after  such  a  severe  convidsion  of  its  action,  and  that  a  termination  of  the 
l)henomenon  in  death  does  not  follow.  But  termination  of  the  attacks  in 
death  has  been  observed,  especially  by  Bouveret,  and  also  by  myself.  Such 
a  termination  is  perhaps  explained  by  an  absence  of  return  of  the  heart  from 
the  condition,  ventricular  fibrillation,  and  the  passage  of  this  fibrillation  into 
permanent  cessation  of  the  heart  beat. 

SUMM.^RY. 

A  case  of  paroxysmal  tachycardia  is  described   in  which   a  paroxysm 

was  observed,  electrocardiographically,  to  terminate  in  ventricular  fibrillation. 

The  heart  recovered  its  normal  mechanism. 
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*  The  electroeardiograms  during  the  non-paroxysmal  period  are  similar  in  all  three  leads  to 
tliose  shown  in  tlio  paroxysm  (Fig.   4  and  5). 
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SYSTOTjr'    P.T.OOD    PRESSURE. 

(I)    IN    CHANGE    OF    POSTURE.     (2)     IN    CASES     OF    AORTIC 

REGURGITATION. 

By  LEONARD  HILL  ani>  R.  A.  ROWLANDS. 

{From  ihp    London    IlospiUtl  Medical  School). 

Martin  Flack  and  one  of  us,  (L.II.),i  by  a  series  of  observations  on  the 
systolic  pressure,  showed  tliat  the  arm  and  leg  readings  are  the  same  in  young 
men,  when  lying  quiet  and  in  the  horizontal  posture.  They  differ  by  the 
hydrostatic  pressure  of  the  column  of  blood,  which  separates  the  points  of 
measurements,  when  the  subjects  are  standing  or  placed  in  inverted  ])Ostures. 

In  these  postures  the  pressure  in  the  arteries  of  the  leg  varies  greatly, 
while  in  the  arm  the  i^ressure  is  kept  about  the  same  by  the  mechanism, 
which  compensates  for  the  influence  of  gravity. 

The  interesting  conclusion  was  drawn  from  these  observations,  that 
the  blood  pressure  in  the  ascending  aorta  is  kept  practically  the  same  in  all 
changes  of  posture.  The  pressure  in  the  cerebral  arteries  must  also  be  kc])t 
at  approximately  the  same  during  change  of  posture. 

We  have  carried  out  a  further  and  more  extensive  series  of  observations 
on  young  men,  and  the  results  are  given  in  Table  I. 

The  Method.  An  armlet  was  placed  round  the  upjjer  arm,  and  another 
round  the  leg  just  below  the  knee.  These  armlets  were  connected  to  a 
mercurial  manometer  and  syringe-bulb  used  as  an  air  compressor,  by  means 
of  suitable  T  pieces.  The  manometer  employed  was  the  single  stem  one  used 
in  Leonard  HilFs  pattern  of  mercurial  sphygmometer.  The  disajipearance 
of  the  pulse  was  taken  as  the  index  of  the  maximum  systolic  pressure,  and 
the  index  was  obtained  from  the  radial  artery  in  case  of  the  arm,  and  from 
the  posterior  tibial  or  dorsalis  pedis  in  the  case  of  the  leg.  In  the  case  of 
the  last  two  arteries,  we  chose  the  one  that  gave  the  biggest  pulse. 

We  made  observations  in  the  horizontal  position,  in  the  standing 
position  and  in  the  L-shaped  position,  the  subject  in  this  case  lying  on  his 
back  with  his  legs  elevated.  We  recorded  the  frequency  of  respiration  and 
pulse  as  well  as  the  systolic  jDressure  in  each  position. 

Our  results  confirm  those  jDreviously  obtained.  The  pressure  in  the 
arteries  of  the  arm  and  leg  differs  by  the  hydrostatic  pressure  of  the  column 
of  blood,  wliich  separates  the  two  armlets. 
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This  column  was  measiired  in  each  observation  by  means  of  a  metre 
rule  and  reduced  in  terms  of  millimetres  of  mercury.  The  table  shows  a 
fairly  close  agreement  between  the  calculated  and  the  recorded  difference. 
The  greatest  difference  between  the  two  readings  is  twelve  millimetres  of 
mercury.  Most  of  the  readings  agree  within  five  millimetres  of  mercury. 
Considering  the  errors  of  observations,  which  arise  from  sensing  the  disap- 
pearance of  the  pulse,  and  in  reacHng  the  height  of  the  column  separating 
one  armlet  from  the  other,  the  agreement  seems  to  us  to  be  very 
close. 

What  the  nervous  mechanism  may  be  which  brings  about  the  com- 
pensation for  gravity,  we  do  not  know  :  it  is  a  matter  for  subsequent 
inquiry  on  animals. 

The  frequency  of  the  pulse  is  accelerated  in  the  standing  posture  in  all 
the  observations  except  three. 

We  have  carried  out  a  similar  series  of  observations  on  old  men,  chosen 
because  they  had  high  blood  pressure  sclerosed  arteries  and  no  valvular 
disease  of  the  heart. 

In  eight  out  of  twelve  of  these  cases  lying  in  the  horizontal  position,  the 
pressure  of  the  brachial  and  tibial  arteries  was  approximately  the  same, 
but  the  agreement  is  not  quite  so  close  as  in  healthy  young  men. 

In  two  cases  the  readings  differed  by  10-14  mm.  Hg..  In  one  case 
the  difference  was  34-50  mm.  Hg.,  and  in  CASE  12  no  complete  agreement 
could  be  found.  In  this  case  the  pulse  was  very  irregular  in  force  and  rhythm; 
most  of  the  pulses  could  be  obliterated  by  the  same  pressure  in  the  arm  and 
leg,  but  some  forced  their  way  through  into  the  arteries  of  the  leg,  even 
when  the  pressure  was  raised  to  300  mm.  Hg..  In  this  case,  just  as  occurs 
in  cases  of  aortic  regurgitation,  the  big  systolic  waves  were  much  better 
conducted  along  the  leg  arteries  than  along  the  arm  artei'ies.  It  is  not  a 
question  here  of  rigid  arterial  wall,  which  resists  compression,  but  one  of 
better  conductance  of  the  crest  of  the  systolic  wave  by  a  more  contracted 
or  stiffer  artery. 

Variance  between  the  recorded  and  calculated  differences  in  the  three 
postures  in  three  or  four  of  these  cases  is  very  considerable,  and  this,  we 
consider,  is  due  to  the  varying  force  of  the  heart  beat  and  varying  conduction 
of  the  systolic  wave  in  the  arm  and  leg  arteries.  In  the  last  part  of  this  table 
the  arm  readings  alone  are  recorded  and  both  systolic  and  diastolic  readings 
are  given  in  the  five  last  cases.  In  eleven  out  of  nineteen  of  these  cases,  the 
pressure  in  the  arm  is  lower  in  the  standing  posture,  and  we  conclude  the 
compensation  for  gravity  is  not  so  good  in  these. 

In  a  paper  by  one  of  us  (L.H.)  written  in  co-operation  with  Martin 
Flack  and  W.  Holtzmann,'-  results  were  published  which  show  that  the 
systolic  pressures  taken  in  the  arm  and  leg  differ  widely  in  cases  of  aortic 
regurgitation  ;  so  much  so  that  this  difference  becomes  of  diagnostic  value. 
We  have  carried  out  a  fresh  series  of  observations  on  such  cases,  and  the 
results  we  obtained  confirm  earlier  ones. 
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In  several  case  we  have  fouiid  differences  of  100  mm.  Hg.,  and  in  one 
ease  a  difference  of  150  mni.  Hg..  In  the  former  pajjer  it  was  shown  that  by 
placing  the  foot  in  warm  w  ater  this  difference  might  be  diminished,  and  tliis 
result  and  other  results  obtained  from  observations  on  the  effect  of  hot  water 
baths  on  blood  pressure  of  normal  persons  led  to  the  conclusion  that  the 
difference  was  due  to  greater  conductance  of  the  systolic  wave  by  tlie  leg 
arteries,  which  are  held  in  a  more  contracted  state  in  cases  of  aortic  re- 
gurgitation. 

By  means  of  a  schema,  one  of  us  (L.H.)  with  ^lartin  Flack  has  demon- 
strated that  an  artery  made  tense  by  a  higher  pressin-e  of  water  conducts  the 
crest  of  the  pulse  wave  better  than  a  soft  artery  containing  water  at  a  low 
pressure. 


A.  Sj-ringe  bulb  with  valves. 

C.  Piece  of  arter^y'. 

D.  Piece  of  artery  where  pulse  is  felt. 

E.  Mercury  vahe  for  altering  pressure  in  D. 


O.  Outllovv. 

M^  Spring  nianonidter. 

B.  Head  of  prossvue. 

11-.  Mercurial  manometer. 


The  syringe  bulb  A  is  rhythmically  worked  so  as  to  maintain  a  mean 
pressure  in  the  spring  manometer  J/'  and  tlie  tension  of  tlie  wall  of  D  is 
altered  by  shifting  the  length  of  tube  dipping  in  the  mercury  in  E.  The 
artery  C  is  compressed  by  the  head  of  pressure  in  B.  The  pulse  is  felt  in 
the  artery  D.  The  jiressure  in  M-  at  which  the  pulse  disappears  in  D 
corresijonds  more  closely  to  the  systolic  pressure  in  J/'  when  D  is  more 
tense  than  when  it  is  less  tense. 


222       LEONARD     HILL     AND     R.     A.     ROWLANDS. 

We  have  found  that  placing  the  foot  in  hot  water  diminishes  the  difference 
to  a  certain  extent. 

Plating  the  buttocks  and  lower  part  of  trunk  in  a  bath  of  hot  water  does 
not  diminish  the  difference  in  pressure,  but  if  the  buttocks  and  legs  together 
are  jilaced  in  hot  water  the  difference  is  abolished.  Bandaging  the  feet 
tightly  did  not  affect  this  result.  We  believe  the  hot  water  acts  by  inducing 
vaso-dihitation  of  the  femoral  arteries  and  so  lessening  the  rigidity  of  the 
wall  and  the  conductance  of  the  systolic  waves. 

It  seems  clear  from  our  observations,  and  those  of  Flack,  Holtzmann 
and  Hill,  that  the  systolic  pressure,  as  measured  in  man  by  the  sphygmometer, 
or  by  any  form  of  spring  manometer  directly  connected  with  the  artery  of 
an  animal,  is  modified  by  the  conductance  of  the  arterial  wall.  It  has  been 
found  by  Hiirthle  and  others  that  the  systolic  pressure  in  animals  may  be 
higher  in  the  femoral  than  in  the  carotid  artery.* 

Tigerstedt^  sought  to  explain  this  by  supposing  that  the  primary  pulse 
wave  is  reflected  from  the  periphery  and  adds  itself  to  the  primary  without 
change  of  sign.  This,  we  beheve,  is  due  to  better  conductance  of  the  crest 
of  the  systolic  wave  to  the  femoral  artery.  In  healthy  young  men,  the 
conductance  seems  to  be  about  the  same,  in  aortic  regurgitation  the  leg 
arteries  are  held,  we  beheve,  in  a  contracted  state  in  order  that  the  brain 
may  receive  a  sufficient  sujiply  of  blood. 

In  old  age  the  arteries  of  the  leg  may  be  more  rigid,  and  then  the  con- 
ductance may  differ  in  them,  and  the  pressures  in  arm  and  leg  be  unequal. 

The  research  has  been  carried  out  with  the  aid  of  a  grant  from  the 
London  Hospital  Research  Fund. 


*The  following  figures  were  kindly  coininnnifated  to  us  by  Dr.  Tliomas  Lewis.     They  were 
taken  from  a  doc;,  a  month  after  destruction  of  tho  aortic  valves,  by  means  of  a  Hiirthle  manometer  : 

„,.,.,         ,   „        ,  I     Svst.      198         ...  109 

Brachial  Artery  (elbow) j     Diast       74  89 

I    Svst.'   240  ...  204 

^emove.\ ,    jji^^j       .,j^  60 

T,     ,     .      T,-,  •   I    .    ,                        I     Sv.st.      144          ...           — 
Posterior  Tibial  Artery ,     Diast      82  

„,.,,,.,        ,  1    Svst.     190  ...  — 

Brachial  (high  up)  ..         ^     irmat.     7t)  ...  — 
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T AISLE  lI.—PREliSUHES   IN  MM.  H.O..  TAKEN  FKOM  OLD  MEN. 


XnlU/ 

.MAL 

PU.11 

ION 

SI 

.NUIN,; 

l....^■M.^ 

n. 

I.    ,.:li,i 

A-rn,   .. 

^HAvy-u 

,.,-„,T, 

,^- 

_.- 

! 

I'i 

X?. 

1 
1 

g 

_ 

-=i 

Is 

:-t 

i 

?■ 

If 

1  = 
?5 

n 

5= 

% 

» 

^ 

|i 

0 

^5 

li 

!l 

P 

II 

4z 

Pi 

P 

11 

r 

lll»g»wl>  Xoln. 

^ 

HI 

12 

20H 

2<i7 

1,7. f, 

i>4 

124 

20 

224 

195 

29  5 

33 

04 

IS 

GraiiuW  kidiiev-- 

aaii 

lot. 

I.e. 

ft 

U4 

lU 

204 

2S4 

78'5 

72 

102 

l»j 

219 

198 

21-5 

37 

»4 

18 

Aitofio-scloroeia  nnil   gciiQijiur   kiJ.ioy-t. 

0 

, 

]m 

160 

1 

0 

80 

24 

150 

222 

72 

70 

96 

25 

15S 

130 

26-5 

39 

flfl 

24 

0 

if>:i 

VS 

2 

0 

t>2 

IS 

Iti4 

234 

fifi 

23 

175 

140 

3ir, 

Arterioflcleroais  Bnd  inMoiunia. 

leii 

nil) 

232 

178 

144 

JB, 

195 

2 

n 

92 

20 

2(J0 

254 

63-5 

015 

9li 

24 

109 

144 

55 

407 

88 

20 

Myocardial  (ailuro. 

liic 

C.J. 

Ijll 

0 

0 

G8 

iii:i 

235 

41-5 

73.B 

52 

20 

198 

160 

35-5 

40-7 

in:* 

11)4 

235 

198 

1^5 

Pulso  vorv  intennittent. 

J.  IV. 

o 

0 

74 

24 

i;!0 

160 

39 

63 

70 

26 

140 

105 

3d 

32-3 

64 

20 

Bronchitis  and  etnphysomn. 

ion 

172 

171 

0 

70 

20 

1S2 

235 

63 

70-9 

24 

184 

135 

49 

36-1 

Oat«o«nhritifl.  jjonptieral  neurilui. 

1»2 

233 

1S4 

138 

JC, 

20tl 

2rt4 

GS 

711-9 

94 

193 

160 

405 

Hfoniaptyaid,  oirrluvtie  kidney- 

20li 

284 

J.L. 

oi 

135 

135 

135 

0 
0 

0 

ft 

tl2 

18 

144 
14" 

192 
190 

47 

till  1 

72 

18 

94 

94 

43" 

32-3 

60 

20 

Lead  poUoiiiiig,  wrist  drop. 

IV,  s. 

Lie 

in4 

13« 

244 
24-1 

0 

0 

— 

- 

143 

nii 

295 

145 

75 

7li 

14 

96 

z 

_ 

_ 

_ 

Thick  •iTten09. 

'■ 

i\> 

5H 

14 

nr, 

29;- 

- 

— 

— 

— 

— 

- 

— 

InteniiitUint  piilao.      No  iiortic  mumiiu,  .i<irti<  Sii.l 

IV.  p. 

w 

201 

107 
HJ8 

235 
300* 
300 

34 

0 

0 

'I' 

,1 

IS4 
IS.-. 

."iOfi 

:t(ju 

'11 

": 

197 
200 

30O 
300 

- 

37' 7 

76 

16 

AMieruiiiiUooe  rigiil  «ort*i.     Arterio-eck'rcww.   tiroii 
chitiH  nniJ  cnipliyaeuia.    Myocardial  railiini. 

• 

riie  ma'i 

inial  [ 

resai. 

e  in  llie 

liliitih 

rlerios  v 

,is  over 

100  fnm. 

Hi;,  uml 

im !..-(. 

Ullld  lie 

I  be  reg 

sterol  h 

y  Mie  n>o 

..on.olPr 

whieh  fpgiaWw  only  ii|i  to  300  iiini.  Hj;. 

u. 

-...NL 

^ITIOS- 

I.V.dr-     KI.KVATKri     l.-« 

'"'''"  ' 

Vu:.,- 

"""'""'■""" 

""" 

P,,,.. 

"■"■'"" 

A.  P. 

M 

ffjatolic   =    141 

104 

2» 

Syatulif     = 

144 

iii> 

- 

Systolic    =   141 
142 

96 

22 

facial   partdjiui. 

ft'.  B. 

03 

Svslolie    =   184 
187 

86 

24 

Syalolic    = 

170 
171 

86 

28 

Systolic    =   104 

196 

82 

26 

Grauular  kidnoyii  and 
bronchitis. 

J.  C. 
W.  L. 

fl7 
65 

SyBtolic    =    172 
DiMtolR-=   128 

Systolic    =    170 
Diastolic  =   110 

96 

18 

(|""Llv   iilxloniuiKl 
and  parllvio3li.l). 

14 
(rliieavaUloiniiuU, 

Syatolic    = 
Diaatol.c  = 

SyMtoliu    = 
Diastolic  = 

118 
104 

140 
I  OK 

104 
70 

(very  ah"lli>iv) 

111 

(sliiilluw,i.iorci.ostul) 

Systolic    =   178 
DiaBtolic  =  134 

Syatolk-    =   159 
Dia8tali(.'=  104 

IIS 

70 

1« 
(brt^ntliiiis  Hhallon-, 
l-liJoUv   nlHiocimial), 

IS 

Irregular  lioorl. 
Art«rio-Bi;lerasi». 

Rlioumutiaiii.  toiigli. 

Q.  S. 
J,  M. 

09 
5:1 

Systolic    =   170 
Diaatolic  =  141 

SvBtolic    =   121 
Diafltolic  =     91 

70 

pdrlly  cw'tal). 

Ipurllv  rostal. 
r»ilier  shallDicl. 

Iiiiurf   ubdoinmiil 

11  11       II  II 

11  il 

172 
124 

108 
84 

80 

83 

Imoro  iiiwlrtll 

(shnlluH    aM.,I1,„1h|) 

Syslolic    =  170 
Dtii«toli[;=  114 

Syslolic    =  124 
Diosloljc  =     84 

60 

18 

(iiiuro   abdominal 

and  doopor). 

16 

(nion-    ro«l4>l    thiin 

iiUlotiiiiiid). 

Arterio-acJorodia. 
Pleurodynia. 

B,  LV 

64 

.'jvstolic    =    140 
DiMtolic  =     90 

*4 

20 
(blxilUiiv  abdominalj. 

SvHtolif    = 
Dinstolic  ^ 

no 

90 

108 

^,hftUo^.  1 

SyHtol.r'     =    140 

»..i«ioiit  =  no 

84 

11 
(..jur.-  ■.Imllou). 

Arterio-SL'letosis. 

(      227      ) 


TABLE   IIISYSTOLIC    PRESSURE   IN    MM.    H<1.    TAKEN 
IN   CASES   OF   AORTIC    DISEASE. 


D  =  disappeanineo  of  pulse  wave. 


R  =  reappearance  of  pulse  wave. 


i  ■"  u 

rt   C  4^ 

Case. 

Diagnosis. 

.\ye. 

^     H' 

1 

5 

1  S  ^ 

i  -  s 

N.iies. 

Lv/I  Side. 

W.  G. 

Aortic       incompet- 
ence,      mitral  in- 
competence    and 
stenosis. 

32 

D  =  100     D  =  170 

Right  Side. 
(Successive  readings) 

D  =  100     D  =  170 
R  =   100     R  =   100 
D  =   105     D  =   107 
R  =   103     R  =   150 
D  =   104     D  =   105 
R  =   103     R  =   155 

Left  Side. 

70 

IJ4 
(iO 

01 
52 

t'.l 

P.M.  examination 

.\orti(.'    incoui- 
|)etenc-e  only 

H.  J. 

Mitral     and     aortic 
regurgitation. 

17 

D  =   132     D  =   102 

Right  Side 
(Successive  readings) 

D  =   140     D  =   184 
R  =   130     R  =   170 
D  =   128     D  =   153 
R  =   122     R  =   1.53 
D  =   122     D  =   100 
R  =   120     R  =   138 
D  =   130     D  =   154 
R  =  127     R  =  151 

Le/l  Side. 

30 

44 
40 
25 
31 
38 
IS 
24 
24 

111 

A.   S. 

Aortic    and    mitral 

53 

D  =   190     D  =  225 

35 

_ 

incompetence  and 

R  =   181     R  =  210 

29 

-  — 

arterio-sclcrosis. 

D  =   190     D  =  225 
R  =   185     R  =  220 

Right  Side. 

D  =   190     D  =  225 
R  =  190     R  =  220 
D  =   180     D  =  220 
R  =   184     R  =  208 
D  =  185     D  =  225 
R  =   184     R  =  215 
D  =   ISO     D  =  225 
R  =    1.S5      R  =   214 

35 
30 
40 
24 
40 
31 
oS 
411 

35 
35 

228 


LEONARD     HILL     AND     B.     A.     ROW  LAN  DS. 


Case. 

Diaiiim>is. 

.4,se. 

,,    1    ,                  Piisttfi-ior 

Niitcs. 

Left  Side. 

A.   S. 

Mitral    resurgita- 

10 

D  =    110     D  =   135 

25 

— 

tioii  and  stenosis. 

D  =    110     D  =   118 

— 

8 

Aortic    regurgita- 

tion. 

Right  Side. 

D  =   111      I)  =    138 
R  =   108     R  =   130 
D  =   110     D  =   142 
R  =     98     R  =   135 
D  =   107     D  =   138 
R  =     98     R  =   132 
D  =   105     D  =   135 
R  =   100     R  =   130 

LeIt  Side. 

27 
22 
32 
37 
31 
34 
30 
30 

— 

E.  B. 

.Aortic    and    mitral 

51 

D  =   110     D  =   15(1 

4(1 

— 

regurgitation. 

D  =   105     D  =   140 

— 

35 

Cardiac  failure. 

Right  Side. 

D  =   110     D  =   150 
R  =   104     R  =   145 
D  =   110     D  =   150 
R  =   104     R  =   145 
D  =   110     D  =   155 
R  =   103     R  =   145 
D  =   111      D  =   150 
R  =   105     R  =   140 
D  =   112     D  =   145 
R  =   107     R  =   141 

Left  Side. 

40 
41 
40 
41 
45 
42 
39 
35 
33 
34 

— 

C.  F. 

Mitral     and     aortic 

111 

D  =   120     D  =   l(i5 

45 

— 

regurgitation. 

R  =   115     R  =   1(55 
D  =   115     D  =   140 
R  =   no     R  =   138 

RigJit  Side. 

D  =   120     D  =   UiO 
R  =   112     R  =   1.50 
D  =   125     D  =   KiO 
R  =   112     R  =   150 
D  =   125     D  =   1(50 
R  =   115     R  =   1.50 
D  =   123     D  =   158 
R  =   115     R  =   150 

Right  Side. 

50 

40 
38 
35 
28 
35 
35 
35 
35 

25 

2.S 

G.  M. 

.\iicui'\'sni  of  aortic 

41 

D  =   103     D  =   150 

47 

— 

arclK 

R  =     95     R  =   148 
D  =   104     D  =   150 
R  =     90     R  =   135 
D  =   103     D  =   140 
R  =   100     R  =   135 

53 
46 
45 

37 
35 

SYSTOLIC    BLOOD     PBESSURE. 
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„„,,..                Posteri.M 
^•';''-''                    tll.ial 

: 

rr  r 

Case. 

Dia'-'iK.-is. 

.Vs.'.'. 

z 

i,  3  ' 

Xi.te^. 

■■"^"■>-               artery. 

- 

B 

G.  M. 

Lett   Side. 

(cont.) 

D  =    140     D  =    150 
R  =    140     R  =    150 
D  =    140     D  =   l.-.o 
R  =   140     R  =   l.-.o 
D  =    140     D  =   150 
R  =    140     R  =    l.-.o 

Lilt  Side. 

]0 
10 

in 
111 
III 
III 

— 

E.   H. 

Ai.rlii'       ivmirtjitii- 

2.-. 

D  =   135     D  =   liio 

25 



t  i'.ii. 

D  =1.30      D  =    1.-.5 
D  =    130     D  =    152 
D  =   125     D  =   152 
D  =   125     D  =   150 

Hiilht  Side. 

D  =    132     D  =   100 
D  =   131      D  =   140 

Le/t  Side. 

25 
2"^ 

..- 

2  s 

'J 

H.  J. 

.Aortir       regurgita- 

42 

D  =   140     D  =    Iiur 

50 



*Dorsalis  Pedis 

tion. 

D  =   13.S     D  =   1110 
D  =   135     D  =   1>S2 
D  =   132     D  =   1S2 

Hii/hi  Side. 

D  =   140     D  =   11)0 
D  =    140      D  =    11)5 
D  =    140     D  =    105 

Le/t  Side. 

52 
50 

50 

2.5 

Artery  gave  IS 2. 

X.  G. 

-Vortiu  rPKiirgitation 

35 

D  =    140      D  =   220 

SO 

and   stenosis. 

D  =   140      D  =   225 
D  =    135     D  =   242 

D.P.A. 
D  =   135     D  =  244 

D.P.A. 
D  =   135     D  =  230 

D.P.A. 
D  =    135     D  =   mil 
D  =   135     D  =   1,S5 
D  =   134     D  =   1,S5 

Biij/)!  Side. 

D  =    130      D  =  2411 
D.P.A. 

D  =    1.30     D   =   224 
D.P.A. 

D  =   130     D    =225 
D.P.A. 

S5 
107 

1011 

104 

04 
liO 
51 

in; 

IM 
115 

D.P.A.  means   Dorsnhs  Pedis  Arter\ . 
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i-  tl. 

S-i^ 

cj 

isi"^  S 

Ra,lial               ^'?S',°'' 
arttv. 

^ 

o-f- 

Case. 

UlaKnosIs. 

Agp. 

He' 
£22 

Notes 

5 

!=  S  = 

Right  Side. 

\V.  M. 

Aortic-  i-egtiru;itation 

37 

D  =   145     D  =  220 

75 

__ 

D  =   145     D  =  210 
D  =   143     D  =  210 
D  =   140     D  =  210 
D  =   150     D  =  230 

(D.P.A.) 
D  =  145     D  =  2.30 

(D.P.A.) 
D  =   140     D  =  225 

(D.P.A.) 

Left  Side. 
D  =   140     D  =  220 
D  =   140     D  =  230 

(D.P.A.) 
D  =   140     D  =   185 
D  =   140     D  =  210 

(D.P.A.) 

Right  Side. 

65 
67 
70 
80 

85 

85 

80 
90 

45 
0(1 

H.   B. 

Aortif  regurgitation 

47 

D  =   153     D  =  255 
D  =   158     D  =  258 
D  =   155     D  =  255 
D  =   156     D  =  256 
D  =   153     D  =  290 

(D.P.A.) 
D  =   158     D  =  291 

(D.P.A.) 
D  =   155     D  =  280 

(D.P.A.) 
D  =   156     D  =  284 

(D.P.A.) 

Left  Side. 
D  =   140     D  =  290 

(D.P.A.) 
D  =   142     D  =  295 

(D.P.A.) 
D  =   144     D  =  295 

(D.P.A.) 
D  =   143     D  =  203 

(D.P.A.) 
D  =   140     D  =  276 

(D.P.A.) 
Right  Side. 

102 
100 
100 
100 
137 

133 

125 

128 

150 
153 
151 
150 

i:{ti 

T.   N. 

Aortic    aiii_l    niitrnl 

55 

D  =145     D  =   185 

40 



regurgitation. 

D  =    140     D  =   185 
D  =   137     D  =   180 
D  =   137     D  =   179 
D  =   145     D  =   170 

(D.P.A.) 
D  =145     D  =   175 

(D.P.A.) 
D  =137     D  =   170 

(D.P.A.) 
D  =   137     D  =   169 

(D.P.A.) 

Left  Side. 
D  =   145     D  =   185 
D  =    145     D  =   170 

40 
43 
42 

25 

30 
33 
32 

40 

25 

SYSTOLIC      BLOOD     PRESSURE. 

HORIZONTAL     TOSTURE. 
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AI.   F. 
I. 


Riqht  hracliiiil  (irleni. 
11(1 
UU 
102 


I'hilil   pnisfi-rinr   llbiiil  nrti'n/. 

ir.2 

155 

1 5!) 


n.      TliP  riglit   font   wns  tluMi   plarpd   in   lint   water  and   reotirds  again  taken. 


102 
105 
105 
109 


1U4 
164 
165 

175 


III.      Lower   part   of   hoily  frunii   placed   in   hot   water,   legs  out.  and   reeorils  agaii)  taken. 


Lf'lt  hraclmtl  /trfrnj. 

ii;{ 
113 


Left   imntrrior  tibial  artiri/. 
159 
155 


IV.      Botli   legs  and   Imttocks  plaeed   in   hot  water. 

112 
102 
102 
102 


125 
110 
125 
115 


V.      Left  foot   and   right  foot  and    leg   handaged   tightly. 


104 
102 


108 
112 


.\ORTir     RFX!URGITATIOX. 


HORIZONTAL     POSTURE. 


L.   S.      Age   10. 
1. 


Lrit  hrrtrli iff/  artery. 
I  III 
112 


Lill   ilfirsffiis   jiflift   (ifleni. 
170 
105 


IT.      Hnttoc'ks  and    lower  part  of  trunk   |ilared   in  hot    water. 

110  170 

110  108 

109  170 


III.      Hoili   legs  ancl    f'ntto(-ks  jilaeetl    in  hot  uater. 

110 
105 


no 

105 


232         L  E  0  N  A  R  D     II  I  L  L     A  X  D    R.    A.    R  0  W  L  A  N  DS  , 

HORIZONTAL     POSTURE. 


E.  S.     Age  .'{7. 
I. 


Left  hrnchial  nrtrri). 
13(1 
135 
130 


Left  pofftfriur  ijbiaf  nrlrttj. 
240 
240 
245 


II.      Buttooks  and   louer  jiart  of  trunk   plac/pil   in   liot   water. 

127  195 

130  210 

130  220 


III.      l^iittcir-ks  and   legs  |)laied   in   liot    water. 

130 
135 
135 
130 
128 


140 
145 
135 
130 
130 


N.R,  —  Rectal  temperature  iiniuediatelx'  after  last  iniiuersiori  =   101-2  degrees  Kalir. 


AURICULAR      FIBRILLATION     AND     HEART-BLOCK     IN 

DIPHTHERIA. 

By    FREDERICK    W.    PRICE. 

(  London), 

AND 

IVY    MACKENZIE. 

(<!l(t,'<(jow). 

What  lias  often  been  termed  "  cardiac  parah^sis  "  in  diphtheria  has  long 
been  recognised  to  be  associated  in  the  majority  of  cases  with  extensive 
myocarditis.  More  recent  investigations  on  the  subject  tend  to  suggest 
that  the  marked  slowing  of  the  pulse  in  many  of  these  cases  is  due  to  a 
condition  of  dissociated  auricido-ventricular  rhythm,  and  there  are  at  least 
two  cases  in  the  literature  (Fleming  and  Kennedy ^  and  Magnus- Alsleben'-) 
in  w  hich  clinical  heart-block  was  demonstrated  and  in  which  post-mortem 
examination  revealed  a  degenerative  condition  of  the  auriculo-ventricular 
bundle.  In  these  cases,  there  was,  in  addition  to  the  disease  in  the  bundle, 
a  widespread  degeneration  and  cellular  infiltration  of  the  auricular  and 
ventricular  muscle.  The  following  case  of  cardiac  failure  in  diphtheria 
was  characterised  by  the  sudden  incidence  of  an  abnormally  slow  and  regular 
radial  pulse.  The  polygraph  tracings  suggest  that  the  slow  ventricular 
rhythm  was  not  accompanied  by  an  independent  auricular  rhythm,  but 
that  the  auricle  was  in  a  state  of  fibrillation.  This  is  the  first  recorded 
instance,  so  far  as  we  know ,  of  a  case  of  this  kind  occurring  in  dijihtheria, 
although  a  similar  clinical  phenomenon  has  been  noted  by  ^lackenzie  in  other 
cardiac  affections.     (•'  Nodal  Bradycardia,''   Heart,  1910,  I,  Cases  2  and  4.) 

M.  H..  feinalc.  am-ii  !t.  was  admitted  to  the  South-Western  Fe\'er  Hi)s[iital,  StocUwell 
on  Oetobcr  the  2Sth.  litlo,  vvitli  the  foUowinK  liistory  :  — 

On  Oetober  the  2(itli  slie  was  quite  well.  On  tlie  27tli  she  suffered  from  headaelie,  vomiting, 
and  sore  tliroat.  On  tlie  2Stli  the  glands  of  the  neck  were  noticed  to  be  enlarged.  There  was  a 
[)i'e\'ions  history  of  measles  and  whooping-cough. 

On  a'hiussioH  to  hospital,  the  patient's  face  was  flushed,  and  circunioral  ]iallor  was  well 
marked.  There  was  a  faint  er\'thema.  not  definitely  ]iimctate,  on  tlie  arms.  The  tongue  was 
covered  with  a  white  fur,  the  ]iapill-i^  showing  up  and  the  tip  seemed  peeling.  There  were  no 
Ko[>licU's  spots.  The  tonsils  were  greatly  swollen  and  met  in  the  middle  line  ;  the^'  showed 
sliglit  exudate  and  a  good  deal  of  superficial  ulceration.  The  glands  of  botli  sides  of  the  neck 
were  enlarged.  There  were  no  discharges.  The  temperature  was  102  degrees  Fahr.  .  .-Vntitoxin 
(12,000  units)  was  injected. 

Course.  On  October  the  2',ltli  tlie  jiatient  had  rather  a  restless  night.  She  was  taking  her 
food  well.  There  was  no  rash.  Xasal  tlistension  was  jiresent.  The  tongue  was  thii-kly  coated, 
an<l  there  was  some  faucial  swelling  and  oedema,  \\ith  a  thin  iiearly  exudation  on  the  tonsils,  soft 
jialate  and  front  part  of  the  hard  palate,  (dandulor  swelling  and  o^tlema  of  the  left  side  of  the 
neck  were  jiresent.  Tlie  temperature  came  do\^'n  t;>  IIS'4'^  ;  in  the  evening  it  was  99°.  At  (i  p.m. 
the  patient  was  restless,  ami  \  oniited  twice  slightly,  .At  11  p.m.  she  vomited  after  alcohol  had 
been  given,      .\ntitoxin  (12.000  units)  was  administered. 
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On  Oc-t(»l)er  tlie  .'iOth,  tlie  tongue  was  dirt\',  the  nienibraue  extended  over  tlie  .soft  palate 
and  on  to  the  liard.  The  temperature  varied  from  y7'2°  to  99°.  The  pulse  was  91!  in  rate  and 
regular  anfl  the  tension  seemed  raised.     Antito.xin  (12.000  units)  was  injected. 

On  Oftoljer  the  31st  the  patient  took  her  food  better  and  there  was  no  vomiting.  The 
faueial  swelling  hatl  tlisappeared.  and  there  was  a  whitish  exudate,  more  on  the  left  side  of  the 
soft  palate  and  separating.  The  glands  were  pal|iable.  The  ])ulse  was  84  and  regular.  The 
a|>ex  beat  was  inside  the  nipple  line.     The  heart's  soimds  were  rather  weak. 

On  November  the  1st  the  patient  took  her  food  fairly  well  and  there  w"as  no  vomiting.  The 
Exudation  w'as  diseoloared  and  separating.  She  was  ]>assing  a  fair  amount  of  urine,  in  whii'b 
there  was  a  trace  of  albumin.  The  temperature  ranged  from  97'2°  to  98°.  The  pulse  was  44 
per  minute  and  soft.  Tlie  apex  beat  was  in  the  nijjple  line.  The  first  sound  was  muffled 
and  the  second  sound  thum|iiiig  in  comparison. 

On  November  the  2nd  a  fair  amount  of  urine  was  pa.ssed,  in  which  there  was  a  trace  of 
albumin.  The  exudate  on  the  throat  was  very  miu'h  less.  The  extremities  were  cold,  and  the 
temiierature  was  97°  (it  remained  at  this  le\'el).  The  pidse  was  40,  and  the  second  sound  at  the 
base  was  reduplicated.     At  .5  ii.m.  and  at  7  p.m.  the  patient  vondted. 

On  November  the  3rd.  In  the  twenty-four  hours  30  oz.  of  urine  were  passed,  in  which  there 
Wcis  no  albinnin.  The  pidse  was  34.  and  the  tension  a]»peared  to  be  lower.  The  surface  of  the 
body  was  very  cold.  The  pulse  was  48.  The  Icpatic  liulness  in  the  nipjile  line  was  much  the 
same  as  before,  but  in  the  epigastrium  it  was  more  cviilent. 

On  November  the  4th  the  jiatient  took  her  food  well.  She  vomited  three  times  during  the 
day  :  33  oz.  of  urine  were  jjas-sed,  in  which  there  was  a  small  quantity  of  albumin.  She  was 
(■yanosetl.  The  [iidse  was  40  per  minute,  regular,  small,  and  the  tension  appeared  lower.  The 
apex  beat  was  well  outside  the  nii>ple  line,  the  imjiuise  being  so  feeble  as  to  be  only  just  perceptible. 
The  soimds  were  faint,  and  the  second,  at  the  base,  was  reduplicated. 

On  November  the  (ith  the  patient  died. 

During  the  course  of  the  illness  the  patient  was  treated  b\-  local  applications  to  tlie  throat, 
brand\-,  hot  port  wine,  hypodermic  injections  of  atropine,  strychnine  and  adrenalin,  etc.. 

Marked  slowing  of  the  pulse  is,  a.s  we  have  noted,  a  phenomenon  not 
infrequent  in  severe  and  particularly  in  fatal  cases  of  diphtheria. 
In  this  case  the  pulse  fell  from  a  rate  of  84  to  44  beats  j)er 
minute  within  the  space  of  a  few  hours  on  about  the  sixth  day  of 
the  disease.  The  problem,  however,  is  whether  we  have  to  deal  with 
a  condition  of  partial  or  complete  heart-block.  This  is  not  easy  to  determine. 
At  first  the  writers  were  inclined  to  the  view  that  the  case  was  one  of  partial 
heart-block  with  a  2  :  1  rhythm.  For  while  the  principal  waves  throughout 
the  tracing  occur  in  the  period  -j-6,  here  and  there,  and  sometimes  for  two 
or  three  beats  in  succession,  a  wave  marked  o  is  seen  in  the  period  1-3,  which, 
when  taken  by  itself,  is  sufficiently  definite  to  suggest  a  normal  contraction 
of  the  auricle.  Further,  there  is  a  pronounced  wave  marked  *  which  recurs 
constantly  and  immediately  after  the  fall  ij.  This  wave  falls  regularly  with 
the  preceding  and  following  waves  marked  u,  when  these  are  present. 

But  the  wave  o  seen  in  the  period  1-3  is  not  constant  over  long  stretches 
of  tracing.  On  the  other  hand  there  are  fine  oscillations  in  the  diastolic 
})hase,  which,  although  ill-defined,  are  probably  the  result  of  fibriUary 
movements  of  the  auricle,  and  this  explanation  would  serve  for  the  waves 
in  the  period  1-3. 

The  only  constant  and   prominent  waves  other  than  those  marked* 
fall  within  the  sjihygmic  i^eriod,  suggesting  the  ventricular  form  of  venous 
pulse. 

It  has  been  demonstrated  by  experiment  and  confirmed  by  cUnical 
observation  that  in  completely  dissociated  auriculo-ventricular  rhythm,  the 
ventricular  beat  is  regular  in  force  and  rhythm  and  is  slower  than  nonr.al. 
In  the  case  under  consideration  the  presumption  is  that  we  are  dealing  with 
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an  independent  ventricular  rliytlim  in  a  heart  where  the  auricles  were   in   a 
state   of   fibrillation. 

Assuming  that  a  condition  of  auriculo-ventricular  block  with  fibrillation 
of  the  auricles  is  present,  it  remains  to  explain  the  early  diastolic  wave. 
This  is  believed  to  be  the  wave  described  by  Hirschfelder  and  Gibson,  and 
called  h  or  h. 

Post-mortem  Examination  of  the    Heart. 

The  heart  was  soft  and  flabby  and  appeared  to  have  been  in  diastole 
when  vital  movement  ceased.  The  ventricular  chambers  were  greatly 
distended.  There  was  no  evidence  to  the  naked  eye  of  hypertrophy  of  the 
muscle.  The  tricuspid  and  mitral  orifices  apj)eared  to  be  wider  than  is 
usual  in  a  heart  of  this  size.  The  right  auricular  appendix  was  filled  with 
a  thrombotic  mass.  The  heart  was  fixed  and  preserved  in  methylated 
sjiirit  ;  it  was  impossible  to  be  certain  as  to  its  content  in  fat.  Sections 
were  frozen  and  cut  and  subsequently  stained  with  Sudan  ///  solution, 
but  no  evidence  of  fatty  degeneration  of  the  muscle  fibres  could  be  found. 
The  tricusiiid,  mitral,  ijulnu^nary  and  aortic  valves  presented  normal  aj)- 
jiearances.     The  coronary  arteries  appeared  to  be  normal. 

For  further  histological  examination  the  following  pieces  of  the  organ 
were  excised  (1)  a  small  jjortion  at  the  junction  of  the  superior  vena  cava 
with  the  right  aui'icle  ;  this  included  the  sulcus  terminalis,  the  adjoining 
portion  of  the  right  auricle  and  right  auricular  appendix,  a  small  portion  of 
the  tinea  terminalis  and  about  three-fourths  of  the  circumference  of  the 
origin  of  the  superior  vena  cava.  (2)  A  block  of  tissue  including  the  auriculo- 
ventricular  node  and  bundle,  with  the  commencement  of  the  right  and  left 
divisions  of  the  main  bundle.  This  block  extended  backwards  to  the  opening 
of  the  coronary  sinus  and  forwards  to  a  jjoint  about  1  cm.  in  front  of  the 
pars  membranacea  septi.  It  had  on  one  side  the  points  of  attachment  of  the 
sejital  cusj)  of  the  tricusiiid  valve  and  on  the  other  the  aortic  cusja  of  the 
mitral  valve  and  a  portion  of  one  of  the  aortic  cusps  of  the  aorta.  The 
block  included  a  small  portion  of  the  intraventricular  septum,  about  I  cm. 
Ijelow  the  auriculo-ventricular  groove,  and  the  upper  border  was  cut  parallel 
to  the  groove  on  the  right  side  and  about  2-5  cm.  above  it.  (3)  A  small 
jiortion  of  the  posterior  wall  of  the  auricles  between  the  superior  vena  cava 
and  the  entrance  of  the  right  jnilmonary  veins  was  excised.  Tliis  block 
contained  the  large  ganglia  and  nerve  trunks  which  correspond  jirobably 
to  Remak's  gangha  in  the  frog.  (4)  Fourteen  other  blocks  were  taken  from 
various  parts  of  the  heart,  including  auricles,  moderator  band,  papillary 
muscles  and  ventricular  walls. 

In  the  first  place,  the  block  which  included  the  sino-auricular  node  was 
cut  in  a  series  of  sections  in  a  plane  at  right  angles  to  the  lumen  of  the  suiJerior 
vena  cava.  Every  fifth  section  of  the  series  was  mounted  and  stained  with 
haemalum  and  \'an  Gieson's  solution.  Examination  of  the  sino-auricular 
node  failed  to  reveal  any  histological  appearance  which  would  be  regarded 
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as  abnornial.  There  was  a  very  considerable  amount  of  fibrous  tissue  in  the 
region  of  the  node,  but  this  is  a  condition  which  has  been  noted  in  hearts 
which  chnically  present  no  abnoniiahty.  The  amount  of  tissue  in  normal 
sino-auricular  and  auriculo-ventricular  nodes  has  been  recognised  to  vary 
very  much  within  normal  limits.  The  main  point  in  regard  to  this  series 
is  that  neither  in  the  node  itself  nor  in  the  muscle  tissue  in  immediate  associa- 
tion with  it  was  there  any  evidence  of  degeneration  or  infiltration.  A 
considerable  number  of  nerve  trunks  and  ganglionic  masses  appeared  in  the 
sections,  but  nothing  abnormal  was  detected  in  them. 

In  the  second  place,  tlie  block  including  the  auriculo-ventricular  node  and 
bundle  was  cut  in  series.  The  sections  were  cut  at  right  angles  to  the  course 
of  the  bundle,  that  is,  in  a  plane  parallel  to  the  anterior  aspect  of  the  heart. 
This  is  not  the  method  most  frequently  employed,  but  we  have  found  it 
most  convenient  as  regards  orientation  in  smaller  hearts,  and  have  regularly 
pursued  it  in  the  examination  of  large  hearts  also.  The  sections  were 
mounted  in  series,  every  fifth  section  being  taken  from  the  posterior  half 
of  the  block,  and  every  tenth  of  the  anterior  half.  The  sections  were  stained 
with  ha?malum  and  Van  CTiesen's  stain.  The  sections  were  examined  from 
the  auricular  connections  of  the  node  to  the  disappearance  of  its  two  main 
subdivisions  into  the  right  and  left  ventricles  respectively.  In  no  part  of 
its  course  was  there  any  evidence  of  acute  degeneration  of  the  muscle  fibres 
or  of  infiltration  of  cells.  The  muscle  fibres  in  some  jjarts  jiresented  a 
vacuolated  apjiearance,  which  is  characteristic  of  the  normal  node  and 
bundle  fibres  in  ungulate  hearts,  but  the  nuclei  seemed  noriual  and  took  the 
stain  in  a  normal  fashion.  The  vessels  appeared  to  be  nornud  also.  In 
striking  contrast  with  the  tissue  comprising  the  node  and  bundle  was  the 
muscle  of  the  intraventricular  septum  in  its  immediate  neighbourhood. 
Here  the  septal  spaces  between  the  muscle  bundles  were  invaded  by  small 
round  cells  which  were,  for  the  most  part,  of  the  formative  tyjie.  The 
muscle  fibres  themselves  were  swollen  from  place  to  ])lace  in  the  sections. 
The  nuclei  varied  greatly  in  size,  but  stained  normally.  The  tissue  of  the 
interauricular  septum  in  the  sections  belonging  to  this  block  did  not  show 
these  a]>iicarances  of  degeneration  and  infiltration. 

In  the  third  place  a  series  of  section  was  made  from  the  posterior  w  all 
of  the  auricle  which  included  the  large  nerve  trunks  and  ganglionic  masses 
in  this  region.     Nothing  almormal  however  was  detected. 

In  the  fourth  place  the  blocks  from  various  other  parts  of  the  auricle 
and  ventricle  were  examined,  and  in  these  were  found  varying  degrees  of 
degeneration  and  infiltration.  On  the  whole  the  degeneration  and  in- 
filtration in  the  auricles  was  slight  compared  with  that  in  the  ventricles. 
For  example,  thirty  sections  from  the  tinea  terminalis  were  examined  and  no 
evidence  of  degeneration  was  seen.  These  sections  were  cut  in  a  plane 
l^arallel  to  the  course  of  the  fibres.  On  the  other  hand  in  some  jjarts  of  the 
sections  from  the  ventricles  the  degeneration  and  infiltration  were  very 
advanced  (Fig,  2).     The  cai'diac  tissue  seemed  to  be  partly  digested  by  the 
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inflaininatorv  exudate.  Only  small  fragments  of  muscle  fibres  were  seen 
in  some  fields.  The  exudate  was  composed  largely  of  cells  of  the  formative 
type  with  round  or  oval  nuclei.  Occasionally,  however,  polymorphs  were 
])resent.  In  those  parts  in  %\hich  the  destruction  was  less  advant^ed,  the 
exudate  could  be  seen  to  be  ))rimarily  around  small  vessels  and  the  jjresence 
of  abnormally  large  iniclci  in  some  of  the  uuiscle  cells  could  easily  be  made 
out  (Fig.  3). 

Although  the  muscle  fibres  were  swollen  and  broken  up  in  some  parts, 
there  was  no  evidence  of  breaking  up  or  of  the  feeble  staining  of  the  muscle 
nuclei,  which  is  associated  with  cloudy  swelling.  The  degree  of  degeneration 
varied  greatly  in  different  parts  of  the  heart  and  was  ])erhaps  most  marked 
in  the  sections  of  papillary  muscles  and  trabeculse,  but  there  was  evidence 
of  degeneration  in  every  section  examined  from  the  ventricles,  although  in 
some  sections  the  evidence  of  disease  was  slight  and  confined  to  jDerhajjs  one 
small  area. 

Smmiiary  of   Histological  Examination. 

The  heart  showed  extreme  degeneration  and  cellular  infiltration  of 
cardiac  muscle,  especially  in  the  ventricles,  occurring  in  scattered  foci  of 
unecjual  size  and  distributed  largely  in  the  course  of  the  vessels.  These 
changes  did  not  involve  the  sino-auricular  node  or  bundle.  There  was  no 
evidence  of  change  in  the  nerve  trunks  and  ganglionic  masses  which  were 
examined  in  the  posterior  walls  of  the  auricles.  Whether  the  vacuolated 
appearance  of  the  fibres  in  the  auriculo-ventricular  node  could  be  taken  as 
evidence  of  degeneration  of  a  fatty  character,  it  would  be  impossible  to  say, 
but  the  apjiearance  did  not  differ  from  that  seen  in  normal  hearts  of  lower 
maunnals,  although  it  is  not  common  in  the  human  heart. 


Comments. 

The  fact  that  exi^erimental  heart-block  can  be  produced  in  animals 
by  destruction  of  the  auriculo-ventricular  node  and  bundle  has  given  an 
imjietus  to  the  anatomical  and  histological  study  of  these  structures  in  the 
human  subject.  In  a  fairly  large  percentage  of  cases  of  heart-block  in  man, 
lesions  of  a  gummatous  or  sclerotic  character  have  been  described  in  the  node 
or  in  the  main  bundle.  While  the  bundle  has  been  completely  destroyed 
in  some  cases,  in  others  the  condition  described  is  that  of  "  considerable 
sclerosis,"  or  "  a  tendency  to  sclerosis,"  or  "  the  bundle  in  half  its  extent 
invaded  by  connective  tissue,"  or  "  fatty  infiltration  and  degeneration  of 
the  bundle."  On  the  other  hand  two  cases  have  been  described  in  which 
there  was  clinical  evidence  of  heart-block  and  post-moriem  examination 
showed  the  node  and  main  stem  of  the  auriculo-ventricular  special  muscle 
to  be  devoid  of  any  particular  lesion.     In  Fahr's  case^  he  could  find  no  gross 
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or  microscopic  lesion,  although  he  admits  that  the  bundle  was  not  examined 
in  all  its  ramifications.  In  Krumbhaar'.s  case''  there  was  a  diti'use  tibrotic 
change  in  the  ventricular  muscle,  but  no  lesion  of  the  node  or  bundle. 
Krumbhaar  suggests  the  possibility  of  heart-block  being  in  st)me  way 
associated  with  an  excessive  fibrosis  of  the  sino-auricular  node.  This, 
however,  is  an  explanation  which  must  be  accepted  with  reserve,  because 
the  relation  of  the  sino-auricidar  node  to  auriculo-ventricular  dissociation 
is  a  matter  on  which  we  possess  no  data,  and  a  fibrotic  condition  in  the 
region  of  the  node  is  a  common  occurrence  in  hearts  w  hich  ])resent  no  clinical 
abnormality. 

Again,  cases  of  heart-block  have  been  described  by  Earnshaw-  and 
Taylor*  where  the  heart-block  passed  oflf,  leaving  a  normally  contracting 
heart,  so  far  as  the  tracings  could  show.  Lewis  and  Mathison''  have 
shown  that  heart-block  may  be  produced  by  asphyxia,  and  Florence 
Buchanani  has  pointed  out  that  heart-block  occurs  2>liysiologically  in 
hibernating  animals. 

Thus  there  is  ample  evidence  to  show  that  heart-block  is  not  necessarily 
due  to  recognisable  tissue  change  in  the  node  or  bundle  at  the  auriculo- 
ventricular  junction. 

It  might  reasonably  be  contended  that  in  a  case  of  di^jhtheria  the  acute 
toxic  affection  produces  functional  disorders  of  the  auriculo-ventricular 
bundle  without  manifesting  corresponding  anatomical  changes.  But  such 
an  ex^jlanation  is  unsatisfactory,  in  view  of  the  extensive  degeneration  of 
the  ordinary  cardiac  muscle  which  is  itself  an  evidence  of  toxic  influence. 
Whatever  influence  the  bundle  may  exerci.se  in  the  production  of  co-ordinate 
movements,  it  is  absolutely  necessary  that  the  muscle  ti.ssue  itself  shoidd  he 
ca2:)able  of  responding  normally.  An  abnormal  bundle  between  a  normal 
auricle  and  normal  ventricle  produces  dissociation.  It  is  not  improbable 
that  in  this  case  dissociation  is  due  to  abnormalities  in  the  tissue  of  the 
auricles  and  ventricles  themselves.  A  normal  node  and  bundle  would  be 
insufficient  to  produce  co-ordinate  contraction  if  the  auricular  and  ventricular 
disease  were  such  as  to  render  ordinary  auricular  and  ventricular  contraction 
imjjossible.  It  is  not  impossible  that  in  this  case  the  perivascular  disturbance 
of  the  lesions  possesses  some  significance.  Whatever  be  the  function  of  the 
nerves  which  accompany  the  small  vessels  in  the  cardiac  musculature, 
they  cannot  but  have  been  affected  in  the  process.  They  are  lying  in  parts 
in  those  areas  where  the  toxic  influences  have  been  most  active.  Whether 
their  formation  is  associated  with  vasomotor  influence  or  blood  sup])ly  or 
nutrition,  they  must  undoubtedly  have  been  influenced  by  the  acute  toxic 
process  in  this  neighbourhood. 

No  definite  anatomical  lesions  have  been  found  to  be  characteristic  for 
auricular  fibrillation.  The  phenomenon  is  often  jiresent  in  hearts  whose 
auricular  muscle  is  degenerate,  but  in  other  cases  the  auricular  muscle  shows 
no  changes  which  could  be  regarded  as  responsible  for  the  condition.  In  the 
present  case  there  was  evidence  of  degeneration  of  the  auricidar  muscle  and 
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in  addition  tin-  dilatation  of  the  whole  heart  and  tiie  advanced  disease  of  tlie 
ventricles  was  incompatible  with  the  proper  nutrition  of  the  cardiac  mus- 
culature. 

We  wish  to  thank  Dr.  Ford  C'aii;;ei-,  of  the  Suutii-\\'estern  Fever  Hospital, 
London,  tor  permission  to  publish  this  case. 
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THE     AURIfULAR     FOR:\r     OF     LTVER     PULSATION     AND     ITS 
RELATION    TO    TRICUSPID    STENOSIS. 

Bv  H.  TIUME  TURNBULL  and  H.  T.  WIEL. 

{From   Dr.  Mackoizir'K  clitiic  at  Mount  Vernon  Hoxpital,  London.) 

Mackenzie  (Thr  Sludi/  of  the  Pxise.  H)02,  page  l!)fi)  has  stated  that  the  force 
i'ei(uired  to  ])r(Klnee  a  Hver  pulsation  is  greater  than  that  required  to  produce 
a  ])ulsati(in  in  the  veins,  and  lias  exi)ress?d  the  view  that  auricular  ])ulsation 
of  the  liver  is  rare  because  the  normal  right  auricle  developes  insufficient 
pressure  waves  to  produce  it.  As  tiicuspid  stenosis  is  a  cause  of  hypertrophy 
of  the  right  auricle,  he  ])ointed  out  that  a  liver  pulse  of  the  auricular  type 
would  be  suggestive  of  tricusi)id  stenosis.  This  view  was  strengthened  by  the 
post-mortem  examination  of  seven  cases  of  tricuspid  stenosis  in  each  of  which 
a  liver  pidse  of  the  auricular  form  had  been  jiresent  during  life.  The  auricular 
form  of  liver  ])ulse  was  consequently  regarded  by  him  as  a  possible  sign 
of  tricusjiid  stenosis.  The  case  now  recorded  showed  a  well  marked  auricular 
liver  ])ulse  during  life  while  the  autopsy  revealed  no  stenosis  of  the  tricuspid 
orifice. 

The  patient  «as  a  boy  uf  IS  years  of  age  who  had  suffered  from  a  series 
of  attacks  of  rheumatic  fever  five  years  before  he  was  admitted  to  the  Mount 
Vernon  Hos])ital  undei-  the  care  of  Dr.  ^Mackenzie  in  March,  1!)10.  Although 
of  ]ioor  general  ])hysi(|ue  he  had  been  working  for  s(Mne  months  as  a  black- 
smith's a])pi'entice.  ami  was  com]K'lled  to  use  a  7Ib.  hammer  which  left  him 
exhausted  each  night.  The  immediate  cause  of  his  adnussion  was  the  onset 
of  jjalpitation  and  breathlessness,  which  had  troubled  him  for  five  weeks. 
These  attacks  occurred  from  ten  to  fifteen  times  a  day  and  each  lasted  about 
ten  minutes.  He  had  to  sit  chjw  n  during  the  attack  ;  at  other  times  he  could 
get  aliout  the  house,  but  felt  weak.     There  was  never  any  dropsy. 

On  examination,  the  heart's  dulness  extended  from  1  J  inches  to  the  right 
of  the  mid-line  to  4|  inches  to  the  left,  the  a])ex  beat  being  forcible  and 
visible  in  the  sixth  intercostal  space. 

A  loud  systolic  and  a  diastolic  muiinur  was  heard  in  all  areas,  the 
systolic  ])eing  louder  at  the  apex,  the  diastolic  at  the  second  right  costal 
cartilage.  'I'he  pulse  was  regular,  SS  to  the  minute,  and  the  vessel  wall 
thickened.  Cajnllary  ])ulsation  was  conspicuous  and  the  systolic  blood 
pressure  was  9cS  mm.  Hg..  The  liver  was  large  and  juilsated  ;  a  conspicuous 
auricular  wave  was  present  both  in  the  jugular  and  liver  tracings. 
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For  two  days  after  his  admission  he  remained  fairly  well,  though  the 
temperature  rose  daily  to  about  100°,  without  any  obvious  cause.  On  the 
third  day  he  had  an  attack  of  paroxysmal  tachycardia.  Wiiilc  resting 
(juietly  in  bed,  the  patient  suddenly  said  he  felt  a  fluttering  of  liis  heart. 
His  face  assumed  an  extremely  anxious  expression,  the  cyanosis  increased 
markedly  and  moist  rales  were  audible  at  the  bases  of  the  lungs.  The  pulse 
and  heart  became  irregular.  These  conditions  persisted  for  about  ten  minutes, 
the  suffering  being  excessive,  when  suddenly  the  patient  gave  a  long  deep 
sigh,  the  face  assumed  an  expression  of  relief,  and  he  announced  that  the 
attack  had  passed  off. 

These  attacks  continued  at  the  rate  of  one  or  two  daily  for  about  six 
days,  and  then  ceased.  The  last  gave  rise  to  more  acute  distress  than 
any  of  the  others,  the  cough  being  severe  ;  it  was  accompanied  by  pain 
over  the  left  ribs.  During  this  attack,  the  heart  was  noted  to  be  beating 
slowly  and  regularly. 

During  the  paroxysms  of  tachycardia  the  heart  sometimes  beat  regularly, 
sometimes  irregularly.  From  the  jugular  curves  the  exact  mechanism  was  not 
certain,  but  the  attacks  probably  consisted  of  paroxysms  of  regular  tachycardia 
of  auricular  origin  or  auricular  fibrillation.  Between  the  attacks  premature 
contractions  arising  in  the  auricle  interrupted  the  regular  and  slow- 
rhythm  . 

The  curves  which  show  the  auricular  form  of  liver  pulse  are  illustrated 
by  Fig.  1,  2  and  4  ;  a  curve  from  the  abdominal  aorta  (Fig.  3)  is  also  given 
for  comparison. 

The  tracing  obtained  from  the  liver,  which  was  very  large  and  pulsated 
markedly,  was  always  of  the  auricular  type,  i.e.,  the  large  wave  was  pre- 
systolic in  time  and  therefore  due  to  auricular  systole  throwing  a  large 
volume  of  blood  into  the  liver,  the  wave  of  ventricular  systole  (y  in  Fig.  4) 
being  small  and  insignificant  by  comparison.  The  liver  tracing  shows  the 
extrasystoles  very  clearly  as  smaller  premature  w  aves.  also  occurring  before 
the  time  for  the  beginning  of  ventricular  systole. 

In  tracings  of  the  liver  pulse  taken  near  the  mid-line  of  the  abdomen 
(Fig.  1)  a  wave  is  seen  towards  the  end  of  the  large  wave  and  giving  the  latter 
greater  width. 

In  tracings  taken  farther  to  the  right  of  the  abdomen  (Fig.  2)  this  wave 
is  much  less  prominent,  only  a  slight  break  in  tlie  fall  of  the  a  wave  being 
seen,  so  that  it  was  thought  probable  that  the  wave  was  not  really  a  portion 
of  the  liver  pulse  itself,  but  was  transmitted  from  some  neighbouring  pulsating 
structure,  and  most  probably  from  the  aorta.  On  comparing  a  tracing  of  the 
abdominal  aorta  taken  just  below  the  liver  (Fig.  3)  it  is  found  that  the  time 
from  the  commencement  of  its  upstroke  to  that  of  commencement  of  the 
radial  pulse  is  the  same  as  that  l)etween  the  beginning  of  the  wave  under 
discussion  in  the  liver  tracing  and  the  radial  pulse.  Thus  it  seems  probable 
that  this  wave  was  merely  transmitted  from  the  abdominal  aorta  and  was 
not  a  real  early  systolic  wave  in  the  liver  pulse. 
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Fig.  I.  A  tracing  of  the  User  pulse  taken  in  the  mid-Une  of  the  abdomen.  It  shows  a  broad 
peak,  the  latter  part  appearing  as  a  distinct  wave.  The  time  of  the  radial  pulse  is  marked 
on  the  liver  tracing  at  -/.      G  marks  the  time  of  opening  of  the  tricuspid  valves. 
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Fig.   2.     Shows  a  liver  tracing  taken  well  over  to  the  right.     The  peak  of  the  main  wave  is 
much  narrower  and  there  is  only  the  merest  trace  of  a  notch  on  the  downstroko. 


Fig.    3.      A    tracing   of    the   abdominal   aorta   below    the    liver,    i.e..    just    about    the    umbilicus. 
It  shows  th>  relation  of  the  aortic  pulse  to  the  radial.      4  marks  the  time  of  the  radial  pulse. 
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Fig.   4.       Shows  auricular  extrasystoles  in  the  liver  pulse,  the  large  first  rise  of  the  wave  in  the 

liver  being  due  to  a  back  flow  of  blood  from  auricular  systole,  both  in  the  large  beats  and 

the  extrasystoles. 
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Tlie  ]iatient  was  seized  witli  a  febrile  attack  from  an  unrecognised  cause 
and  died  after  several  months'  stay  in  hospital.  The  heart  was  sent  to 
Professor  Woodhead  and  the  followintj  is  an  abstract  of  his  report  : — 

Pat/ioliigicdl  report. 

The  jioricardium  showed  old  adhesions  over  the  outer  side  of  ujiper  half 
of  the  left  auricle  and  also  over  the  aorta  and  ])ulmonary  artery.  The  heart 
weight  was  26J  ozs.  ;  without  the  j)ericardiuin  it  weighed  19  ozs..  The  length 
of  the  cavity  of  the  left  ventricle  was  8-5  cm.,  tiic  wall  having  a  thickness  of 
from  1-5  cm.  to  0-5  cm..  Some  thickening  of  the  apices  of  the  mnscnli 
papillares  was  present.  The  mitral  valves  were  adherent  at  their  free 
margins.  Small  vegetations  were  seen  at  the  lower  jiortion  of  the  somewhat 
fuiniel  shaped  orifice  ;  the  cus])s  were  contracted.  The  aortic  orifice  was 
somew  hat  narro\\ed,  the  cusps  were  thickened  and  slightly  contracted  ; 
there  were  small  granidar  vegetations  along  their  thickened  margins  ;  the 
aorta  showed  no  atheroma.  The  chorda'  teiidineic  were  opaque  and  slightly 
contracted.  The  coronary  arteries  were  slightly  thickened  and  narrowed. 
The  cavity  of  the  right  ventricle  was  (i  cm.  in  length,  the  muscle  was  mottled. 
The  ])ulmonary  and  tricus])id  cus]is  were  normal.  The  right  auricle  was 
dilated,  tiie  coronary  vein  very  wide,  and  there  was  some  thickening  of  the 
endocardium,  especially  at  the  base  of  tlie  ti'icus]iid  valves. 


rONCLUSIONS. 

The   auricular  form   of  liver   ])ulse   is   not   necessarily   associated    with 
stenosis  of  the  tricuspid  orifice. 
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OBSERVATIONS    ON    A    CASE    OF    HEART-BLOCK    ASSOCIATED 

WITH    INTERMITTENT    ATTACKS    OF    AURICULAR 

FIBRILLATION. 

By  a.  W.  FALCONER  and  GEORGE  DEAN. 

(Aberdeen.) 

J.  J.,  male,  aged  45,  was  admitted  into  the  Aberdeen  Royal  Intirmaiy  on 
July  the  I.3th,  1911.  under  Dr.  Edmond.  to  whom  we  are  indebted  for  ]»er- 
niission  to  observe  the  case. 

Past  histurji  and  Iiiibil.'<.  About  23  years  before  admission  to  hospital 
the  patient  had  suffered  from  some  form  of  venereal  disease.  He  ai^ijarently 
had  gonorrhcea,  but  no  history  of  a  definite  chancre  or  of  secondary  symptoms 
could  be  obtained.  Apart  from  this  he  had  always  been  healthy  and  able 
for  his  work  as  an  ironworker.  He  \\  as  married  and  had  a  family  of  six,  all 
of  whom  were  said  to  be  healthy.  He  was  a  moderate  drinker  of  spirits  and 
smoked  about  three  ounces  of  tobacco  a  week. 

Present  affection.  For  some  years  he  had  been  troubled  otf  and  on  with 
breathlessness  on  exertion.  This  would  trouble  him  for  a  few  days  or  a  few- 
weeks,  but  it  always  disappeared  without  any  sjiecial  treatment.  On  being 
(piestioned  he  stated  that  for  some  months  ])revious  to  admission  he  had 
occasionally  suffered  from  giddy  attacks  lasting  a  few  seconds.  During 
these  attacks  his  sight  became  dim  and  his  head  ""  went  round."  He  had 
never  fallen  or  become  unconscious.  A  fortnight  before  admission  his 
breathlessness  became  much  w  orse  and  w  as  produced  by  the  slightest  exertion. 
The  breathlessness  increased  until  he  was  unable  to  lie  flat  in  bed  with 
comfort :    his  feet  began  to  swell. 

On  admission  the  imtient  was  found  to  be  a  well  developed  man.  There 
was  slight  orthojmcea.  There  was  very  slight  pitting  on  pressure  over  the 
ankles.  The  ajiex  beat  of  the  heart  was  situated  in  the  5th  space  i  inch 
outside  the  nip]ile  line.  At  the  ajiex  the  1st  sound  ^\as  loud  and  booming, 
the  :2nd  sound  was  followed  tiy  an  early  diastolic  murmur.  Over  the  aortic 
area  there  was  a  well  marked  double  muiinur.  The  jieripheral  vessels  were 
distinctly  degenerated.  The  liver  dulness  extended  1  inch  below  the  costal 
margin,  but  the  lower  edge  could  not  be  felt.  The  urine  averaged  about 
40  ounces  a  day  antl  did  not  contain  albumen.  The  lungs,  apart  from  slight 
emphjsema.  a]ii)earcd  normal.  During  his  stay  in  hos])ital  the  patient 
gradually  imprt)ved  and  soon  became  perfectly  comfortable  while  in  bed. 
In  the  beginning  of  September  he  w as  allowed  up.  and  w as  able  to  walk  about 
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the  ward  without  discomfort.  He  left  the  hosiDital  on  September  the  20th, 
1911,  but  was  readmitted  on  October  the  24th.  He  stated  that  for  the  first 
few  days  after  going  home  he  felt  fairly  well,  but  one  day  he  suddenly  fainted, 
and  since  that  time  he  had  not  been  so  well.  His  breathing  had  gradually 
got  worse,  and  he  had  to  return  to  bed.  On  readmission  his  general  appear- 
ance was  much  worse  than  on  his  first  admission.  There  was  considerable 
dyspncea  and  distinct  cyanosis.  The  physical  signs  in  the  heart  were  the  same 
as  on  the  i)revious  admission,  except  that  the  pulse  rate  was  much  slower 
and  the  individual  beats  much  weaker.  On  October  the  26th  the  pulse 
rate  fell  to  20  and  the  jjatient  died  that  night  without  so  far  as  was  kiaown 
any  alteration  in  the  pulse. 


The  poh/ynipltic  Intcimjs. 

For  the  first  few  days  polygraphic  tracings  were  taken  daily.  From 
July  the  13th  to  the  19th  the  rate  of  the  pulse  varied  from  48  to  42  a  minute. 
It  was  invariably  quite  regular  and,  although  many  yards  of  tracing  were 
taken,  there  was  never  any  sign  of  a  normal  a  wave  either  in  the  jihlebogram 
or  the  cardiogram.  Fig.  1  is  an  example  of  a  tracing  taken  on  July  the  13th. 
It  shows  a  regular  radial  jDulse  with  a  ventricular  type  of  venous  pulse.  On 
July  the  15th  06  grains  of  atropine  sulphate  were  given  subcutaneously 
in  three  divided  doses  at  intervals  of  a  quarter  of  an  hour.  This  produced 
well  marked  atropine  effects  on  the  mouth  and  pupils,  but  the  pulse  remained 
absolutely  uninfluenced.  On  this  date  the  condition  was  therefore  either 
one  of  complete  heart-block  with  auricular  fibrillation  or  one  of  complete 
heart-block  with  auricular  waves  too  weak  to  register  themselves.  On 
July  the  20th  thc^  pulse  was  distinctly  slower  than  it  had  been,  but  it  was 
still  quite  regular.  Fig.  2  is  a  tracing  taken  on  this  date,  and  shows  the 
presence  of  distinct  and  regular  a  waves.  The  auricle  was  beating  at  a  rate 
of  70-5  beats  a  minute,  and  the  ventricle  at  37-5.  Fig.  3  taken  on  July  the 
22nd  shows  the  same  condition,  but  the  ventricle  was  beating  shghtly  faster. 
The  condition  was  now  one  of  complete  heart  block  with  a  normally  acting 
auricle.  The  pulse  continued  regular  till  September  the  2nd,  and  numerous 
tracings  taken  during  this  period  were  all  similar  to  Fig.  2  and  3.  On  Septem- 
ber the  2nd  it  was  noted  that  the  pulse  was  distinctly  irregular.  Fig.  4  is  a 
tracing  of  this  irregularity,  and  shows  that  it  was  due  to  mixed  responses, ^  "*"  - 
the  block  having  become  incomplete. 

The  first  four  cycles  are  responses  of  ventricle  to  auricle,  the  heart  beating 
viith  a  3  :  2  ratio.  The  a-c  interval  of  each  second  effective  auricular  con- 
traction is  much  increased.  This  is  followed  by  a  blocked  auricular  systole, 
and  this  in  turn,  by  an  effective  auricular  systole  with  an  <i-c  interval  of 
rather  less  than  one-fifth  of  a  second.  Owing  to  the  increase  of  the  a-c 
interval  in  the  second  cycle,  the  radial  beat  is  delayed  with  the  result  that 
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Fig.    1.      Lower  tracing  radial,  upper  tracing  jugular.      Radial  (piite  regular,  venous  tracing  of  the 
ventricular  type.     The  tune  marker  shows  one-fifth  second.si  in  all  the  tracings. 


Fig.   2.     Lower    tracing   carotid,  upper    tracing    jugular,      t'oinplete    heart-block.      Auricular 
rate  70o,  ventricular  37-5  a  minute. 


Fig.   3.     Lower  tracing  radial,  upper  tracing  jugular  ;  .similar  to  Fig.  2  e.xcept  that  the  ventricular 
rate  is  42-8. 


Fig.  4.  Mixed  resjionses.  Lower  tracing  radial,  ujiper  tracing  jugular.  The  figures  ahove  the 
radial  tracing  represent  the  duration  of  the  ]iauses  in  one-fifth  of  a  second,  the  figures  below 
the  numbers  of  the  cycles.  The  arrow  below  the  first  cycle  indicates  the  |>oint  at  which 
radial  beat  No,  2  was  due.  The  first  four  ventricular  beats  are  in  response  to  auricular 
stimuli  ;  the  ."Jth  and  8th  are  spontaneous  ventricular  contractions  ;  the  tith,  7th  and  Dth 
are  responses  to  the  a\iricle.  An  objection  to  this  interpretation  is  the  shortness  of  the 
a-c  interval  of  cycle  0.  An  alternative  explanation  is  that  cycles  5  and  8  are  responses  to 
auricle  and  that  cycles  G  and  9  are  spontaneoiis  ventricular  contractions.  If,  however, 
the  idio-ventricular  rhythm  is  U'6  one  would  expect  a  spontaneous  ventricular  contraction 
to  terminate  cycles  4  and  7,  and  tliis  explanation  also  fails  to  account  for  the  length 
of  the  a-c  interval  of  cycle  7. 


Fig.  5.  Lower  tracing  radial,  upper  jugular.  The  regular  o  waves  have  disajipeared.  Coupled 
rhythm  with  unequal  pauses  following  the  extrasystoles  is  present.  At  X  there  are  small 
waves  during  diastole. 
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the  pause  due  tf)  the  succeeding  blocked  auricular  systole  is  much  shorter 
that  it  \\(nild  othcrw ise  be.  The  second  radial  beat  is  due  at  the  spot  marked 
with  an  arrow  in  Fig.  4.  In  tiie  fourth  cycle  the  a-c  interval  is  only  increased 
to  t\\-o-fifths  of  a  second  instead  of  -Y^ths  as  in  the  second  and  seventh  cycles, 
and  the  ])ause  ]ireceding  it  is  thus  only  ''-'ths  in  place  of  "-."ths.  The  fourth 
cycle  is  terminated  by  a  spontaneous  ventricular  beat,  and  is  followed  by  a 
pause  of  seven-fifths  of  a  second,  w  hich  is  exactly  ef[ual  to  the  idio-ventricular 
])aiise  in  Fig.  3.  The  beats  terminating  cycles  5  and  6  are  responses  to  the 
aui'iclc,  the  a-c  interval  of  7  being  again  increased  to  'K-'  of  a  second.  Cycle  8 
is  due  to  a  spontaneous  ventricular  beat,  and  cycle  9  is  in  response  to  an 
auricular  contraction.  Fig.  5  was  obtained  a  few  minutes  after  Fig.  4,  the 
])atient  in  the  interval  having  been  made  to  walk  up  a  flight  of  stairs.  The 
radial  tracing  shows  a  bigeminal  pulse,  the  extrasystoles  being  followed  by 
ipiite  uneepial  i)auses.  The  regular  a  waves  have  disajipeared  from  the  jugular 
tracing  and  during  diastole  numerous  small  waves  similar  to  those  found 
in  auricular  fibrillation  are  seen.  Here  and  there  the  bigeminal  action  of  the 
heart  was  interrui^ted  by  several  consecutive  extrasystoles.  On  SeiDtember 
the  5th  the  pulse  was  again  Cjuite  regular  except  that  every  third  or  fourth 
beat  was  i^remature.  Fig.  C  taken  on  this  date  shows  that  the  auricle  was 
again  acting  normally.  The  premature  beats  were  responses  to  every  fifth  or 
seventh  auricular  stimulus. 

On  September  the  10th  the  block  was  again  comjilete  and  the  auricle  was 
acting  normally.  The  patient  went  home  on  September  the  20th  and  returned 
to  hospital  on  October  the  24th.  On  re-admission  the  ventricle  was  beating 
at  the  rate  of  20  a  minute.  It  Mas,  for  the  most  part,  quite  regular  but 
extrasystoles  followed  by  pauses  exactly  equal  to  the  ventricular  rate, 
occasionally  occurred.  Fig.  7  was  taken  on  this  date,  and  shows  the  first 
four  beats  followed  by  extrasystoles.  This  was  quite  exceptional,  and  long 
portions  of  the  tracing  Mere  quite  free  from  extrasystoles.  There  is  no  trace 
of  u  waves.     The  patient  died  next  day. 

On  admission  to  hospital  the  condition  was  one  of  complete  heart-block. 
The  block  later  became  incomplete,  but  ior  some  time  before  death  it  was 
again  comjtlete.  The  auricular  action  diu-ing  the  greater  part  of  his  first 
stay  in  hospital  was  normal.  For  the  seven  days  following  his  first  admission 
to  hospital  and  for  the  short  i)eriod  immediately  before  his  death,  during 
which  he  was  under  observation,  there  was  no  sign  of  co-ordinate  contraction 
of  the  auricle.  The  u  waves  also  disapjieared  as  a  result  of  exercise  on 
September  the  2nd.  Unfortunately  as  no  electro-cardiograms  were  taken 
we  have  no  j)ositive  evidence  of  auricular  fibrillation.  As,  however,  the 
n  waves  were  ahvays  definitely  present  or  tlcfinitely  absent,  and  as  at  the 
autopsy  the  right  auricle  was  found  to  be  greatly  hypertrophied,  the  proba- 
bility is  great  that  the  absence  of  the  n  \\a\  es  was  due  to  (i'in|inrary  fibrillation 
of  the  auricles,  and  was  not  merely  the  result  of  weak  tn-ordinate  auricular 
contractions.  'J'he  small  waves  seen  in  Fig.  5  are  also  strongly  suggestive 
of  auricular  fibrillation. 
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Aulopfiy. 
Permission  to  examine  only  the  heart  was  granted.  The  heart  was 
iiypertrophied  and  dilated.  The  pericardium  was  normal.  There  was  a 
moderate  deposit  of  suh-iiericardial  fat.  The  right  auricle  was  slightly 
dilated  and  markedly  hy])ertro])hied.  After  Hxatiou  in  formalin  its  wall 
measured  at  its  maximum  fully  ]  inch  in  thickness.  The  taenia  iernii)udi>i 
was  markedly  hypertrophied.  The  aj>pendix  contained  a  firm  thrombus. 
The  coronary  sinus  was  not  dilated.  The  right  ventricle  after  fixation 
measured   four   inches  from    base   to   apex.     Its   wall,   at    its   thickest   part 
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Fig.    (i.      Lcnver  traoing  radial.  ii|)|h'1-  jugular.      .Mixed  responses,  every  tiftli  auriruiar  ruutraeliou 
is  conducted  to  the  ventricle. 


Fig.  7.  Lower  tracing.  Ape.x  beat,  upper  jugular.  (Complete  heart-block.  The  tirst  four  beats 
are  followed  by  extrasystoles  succeeded  by  pauses  exactly  ecpial  to  the  idio-ventricular 
pauses  of  other  causes. 

measured  |  inch  in  thickness.  The  tricuspid  and  pulmonary  valves  were 
normal.  Except  for  an  unusual  hardness  of  tiie  tissues,  no  definite  changes 
could  be  made  out  in  tlie  region  of  the  ^4-  1'  bundle.  The  left  auricle  was 
slightly  dilated  and  hyiiertropliied,  its  wall  measuring  at  its  thickest  2)art 
I  inch.  A  rounded  atheromatous  patch  with  a  diameter  of  |  inch  was 
present  on  its  inner  wall.  This  appeared  to  be  an  extension  of  the  marked 
atheromatous  condition  found  in  the  aorta.  The  left  ventricle  measured  3^^ 
inches  from  base  to  apex,  the  thickness  of  its  wall  varied  from  h  to  f  of  an  inch. 
The  mitral  valve,  except  for  some  thickening  of  the  free  margin  of  the  anterior 
flap,  was  normal.  The  whole  of  the  ascending  portion  of  the  aorta  \\as 
slightly  dilated,  extremely  atheromatous  and  studded  throughout  with 
dense  calcareous  patches.  The  bases  of  the  aortic  valves  were  all  much 
thickened  and  nodular.  The  opening  of  each  coronary  artery  was  surrounded 
by  calcareous  i)lates  and  the  lumen  was  diminished.  The  coronary  arteries 
Were  both  markedly  thickened  and  nodular,  this  being  most  marked  in  the 
interventricular  branch  of  the  left  coronary  artery. 

For  microsco]iical  study  blocks  of  tissue  were  taken  from  the  heart  as 
follows  ;  — 

1.  The  .1-  r   jiiiiclidii  <Min(aining  the  A-  V  node,  the  main  stem  antl 

branches  of  the  A-  V  Inmdle. 

2.  The  reoimi  of  the  sino-auricidar  node. 
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3.  Portions  of  the  right  auricle  [a]  at  the  jinietion  of  auricle  and 
sui^erior  vena  cava  to  the  right  of  the  sino-auricular  node  ;  (b)  at  the 
coronary  sinus  and  (c)  on  the  anterior  asi)ect  of  the  auricle. 

4.  Portions  of  the  left  and  right  ventricles  and  left  auricle. 

5.  Papillary  muscle  from  the  right  and  left  ventricles. 

1.  The  A-  V  junction.  The  block  excised  was  that  recommended  by 
Keith,  the  auricular  end  commencing  just  to  the  left  of  the  coronary  sinus. 
As  the  tissue  felt  hard  it  was  decalcified  for  si.x  hours  in  hydrochloric  acid 
and  embedded  in  one  block.  On  attemjjting  to  cut  this  block  it  was  found 
that  there  was  still  a  considerable  amount  of  calcareous  matter  present,  and 
the  block  was  again  decalcified  in  nitric  acid  and  re-embedded.  Owing  to 
the  prolonged  treatment  during  two  decalcifications  and  embeddings  a 
considerable  amount  of  shrinkage  took  place  in  the  block.  .Sections  at  right 
angles  to  the  long  axis  of  the  block  were  cut  15  micra  in  thickness  and  every 
sixth  section  kept  and  stained  with  hjematoxylin  and  eosin.  The  block  was 
cut  from  the  auricular  end,  but  owing  to  the  marked  alterations  in  the  parts 
it  is  more  convenient  to  describe  the  bundle  from  its  ventricular  end  back- 
wards to  the  auricle. 

Section  1116  shows  that  the  bundle  has  left  the  membranous  septum. 
The  left  branch  of  the  bundle  is  seen  as  a  well  developed  structure  lying 
immediately  below  the  endocardium  of  the  left  ventricle.  Apart  from  a 
certain  number  of  the  muscle  cells  being  swollen,  and  containing  vacuoles 
surrounding  the  nuclei,  the  bundle  appears  to  be  normal.  No  fibrous  in- 
filtration is  visible.  The  right  branch  of  the  bundle  cannot  be  identified  in 
the  ventricular  muscle. 

In  Section  1110  a  portion  of  the  left  branch  of  the  bundle  appears  in 
the  left  side  of  the  membranous  septum.  It  shows  changes  which  will  be 
described  later  in  detail. 

Tracing  the  sections  backwards,  the  altered  bundle  becomes  more  and 
more  visible  in  the  membranous  septum.  In  section  098  it  is  a  very  definite 
structure  and  shows  a  division  into  two  horns. 

Section  !t24  shows,  under  a  low  jjower.  a  mass  of  tissue  fairly  sharply 
demarcated  from  the  remainder  of  the  membranous  se])tum,  and  lying  rather 
to  the  left  of  the  septum.  It  is  roughly  triangular  in  outline,  but  there  is  a 
distinct  indication  of  a  division  into  a  right  and  left  branch.  The  mass  has 
quite  a  different  colour  tone  from  the  rest  of  the  membranous  septum  ;  it 
occupies  the  position  and  has  about  the  normal  size  of  the  bundle  in  this 
situation.  A  large  central  artery  has  its  lumen  completely  obliterated  by 
cellular  de])osit,  though  the  elastic  lamina  is  intact.  With  a  higher  power 
the  main  bulk  of  this  tissue  consists  of  a  meslnvork  of  fibrous  tissue  in  which 
are  areas  Iiaving  a  distinctly  different  staining  reaction.  These  stain  pinkish 
l)rown.  while  the  connective  tissue  is  coloured  a  definite  pink.  Throughout 
these  pinkish  brown  areas  there  are  numerous  cells  with  the  outline  and  colour 
of  muscle  cells.     The  vast  majority  oi  these  cells  show   no  nuclei,  but  in  a 
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few  of  them  definite  nuclei  can  be  seen.     These  cells  are,  in  otir  cipiiiion, 
the  altered  muscle  cells  of  the  bundle. 

Tracing  the  bundle  backwards  it  becomes  more  and  more  icplaccd  li\ 
well  staining  fully-formed  fibrous  tissue.  Tlie  obliterated  arteiy  continues 
to  form  a  landmark  in  the  sections. 

This  condition  continues  until  the  upper  part  of  the  septum  is  a]>proaciied 
and  here  it  is  gradually  replaced  by  a  new  type  of  tissue.  In  section  702  the 
central  artery  begins  to  show  a  small  central  passage.  The  fibrous  tissue  is 
becoming  much  more  cellular  and  there  is  still  a  trace  of  altered  bundle  tissue. 

Section  562  shows  the  artery  of  the  bundle  lying  along  the  right  side  of 
the  central  fibrous  body.  The  artery  now  shows  a  definite  lumen,  but  in 
place  of  the  altered  though  still  recognisable  bundle  which  is  seen  in  i^revious 
sections,  its  place  is  completely  occupied  by  a  small  round  celled  dejiosit. 
This  deposit  consists  for  the  most  part  of  fibroblasts,  but  there  are  also  many 
lymphocytes,  plasma  cells  and  a  few  multinuclear  giant  cells  of  the  type 
met  with  in  the  infective  granulomata.  A  large  number  of  newly  formed 
blood  vessels  are  present  among  the  cells.  In  addition  to  completely 
destroying  the  region  of  the  bundle  this  deposit  of  cells  infiltrates  the  central 
fibrous  body. 

Passing  still  further  back  towards  the  coronary  sinus  the  cellular  deposit 
gradually  becomes  more  fibrous.  The  auricular  muscle  in  the  central 
portion  of  the  interauricular  sejitum  is  completely  destroyed  by  a  dense  band 
of  fibrous  tissue  containing  here  and  there  masses  of  round  cells.  This 
fibrous  tissue  also  invades  and  destroys  to  a  very  large  extent  the  muscular 
tissue  below  the  right  auricular  endocardium.  Here  and  there,  however, 
there  are  definite  bundles  of  more  or  less  altered  muscular  tissue,  which  may 
represent  portions  of  the  A-V  node  ;  but  owing  to  the  conspicuous  atrophic 
changes  in  the  ordinary  muscle  fibres  in  the  neighbourhood  no  definite 
statem.ent  can  be  made  as  to  this. 

2.  The  sino-auricular  node.  Serial  sections  were  cut  through  the 
sino-auricular  node.  Unfortunately,  the  sections  containing  the  right  pole 
of  the  node  were  destroyed  by  accident.  The  left  pole  and  the  central 
portions  of  the  node  are  well  developed  and,  apart  from  a  very  slight 
thickening  of  the  walls  of  the  central  artery  and  the  presence  here  and  there 
of  very  small  accumulations  of  small  round  cells,  are  normal.  The  node 
was  not  stained  to  show  fatty  degeneration. 

3.  The  right  auricle.  Sections  from  the  highest  part  of  the  auricle 
to  the  right  of  the  sino-auricular  node  show  comparatively  large  and  dense 
accumulations  of  small  round  cells.  These  are  most  conspicuous  im- 
mediately below  the  endocardium,  but  are  also  ]iresent  here  and  there 
throughout  the  muscle  wall.     Fig.  1.'5  is  from  this  region. 

Sections  frt)m  the  neighbourhood  of  the  coronary  sinus  show  very 
marked  fibrosis  of  the  interauricular  seiJtum  with  numerous  calcareous 
deposits.     The    vessels    show    marked    endarteritis    obliterans.     Fig.    14    is 
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from  this  region.  Sections  from  the  anterior  wall  show  great  hypertrophy 
of  the  muscular  tissue.  There  is  no  fibrosis  or  small  celled  infiltration. 
Stained  with  Scharlach  R.,  a  few  fibres  show  fatty  degeneration. 

4.  Sections  of  the  left  ventricle  show,  when  stained  with  Scharlach  R., 
a  considerable  amount  of  fatty  degeneration.  There  is  no  fibrosis  and  no 
infiltration  with  round  cells.  The  right  ventricle  is  in  a  similar  condition, 
but  the  fatty  degeneration  is  distinctly  less  marked.  Sections  from  the 
anterior  aspect  of  the  left  auricle  show  no  fibrosis  and  no  infiltration  witli 
round  cells.     A  few  fibres  show  fatty  degeneration. 

5.  The  )ia])illary  muscle  from  the  right  and  left  ventricles  shows  very 
detinite  fatty  degeneration,  esiiecially  on  the  left  side. 

To  sum  U])  the  pathological  changes,  the  heart  shows  hypertrophy 
and  dilatation  of  all  its  chambers  with  conspicuous  changes  in  the  aorta  and 
coronary  arteries.  There  is  complete  destruction  of  a  large  jjart  of  the 
main  stem  of  the  auriculo-ventricular  bundle  with  advanced  degenerative 
changes  in  the  remaining  portions  of  the  main  ston.  The  sino-auricular  node 
is  jH'actically  normal.  The  auricular  tissue  to  the  right  of  the  sino-auricular 
node  shows  extensive  infiltration  with  round  cells.  The  intcrauricular 
septum  near  the  coronary  sinus  shows  marked  fibrosis  and  calcareous 
degeneration.  There  is  slight  fatty  degeneration  of  the  right  and  left 
auricles  and  more  marked  fatty  degeneration  of  the  muscle  of  both  ventricles. 
In  our  opinion  the  changes  observed  point  to  a  syjihilitic  origin.  ^ 

Sininiutrij  (ind  Co)icli(.sions. 

A  case  of  heart-block  is  described.  The  block  was  at  first  coni]>lete 
but  seven  weeks  before  death,  it  became  incomjilete  for  several  days. 
During  tlie  greater  ]jortion  of  the  time  the  case  was  under  observation,  the 
auricular  action  was  normal,  but  on  three  occasions  there  were  attacks  of 
auricular  filirillation.  During  two  of  these  attacks,  the  heart-block  was 
complete  and  the  slow  and  regular  idio-ventricular  action  remained  unaltered. 
On  the  third  occasion  the  attack  of  auricular  fibrillation  was  produced  by 
exercise  while  the  heart  block  was  incomplete.  The  ventricle  then  showed 
a  slow  irregular  bigeminal  action  exactly  similar  to  that  of  an  uncomjilicated 
case  of  auricular  fibrillation  while  under  the  action  of  digitalis.  At  the  autopsy 
(■omj)lete  destruction  of  a  large  jjart  of  the  main  stem  of  the  .4-  V  bundle  was 
diseoveretl.  As  this  destruction  was  due  at  the  i)arts.  where  it  was  complete, 
to  jnu'ely  cellular  elements,  fibroblasts,  lymi)hocytes.  &c..  and  at  other  j)arts 
to  fully  formed  fibrous  tissue,  it  is  clear  that  the  pathological  process  was 
])rogressive  and  that  the  complete  destruction  of  the  bundle  must  have  been 
of  recent  date.  The  reduced  ventricular  rate  during  the  jieriods  of  auricular 
fii)rillation  can  only  be  referred  to  the  changes  in  the  A-V  bundle  demonstrated 
jiost-mortem. 

^\'t■  arc  much  indebted  to  Dr.  Duncan  for  the  micro-photographs. 

'      Lewis  .\mi    .\1a<  naltv.      Jour,   of  I'hysiolo^x .    MHIS.   xx.xvii,   Ho. 
-     Lewi.s,     "  .Mochanitiin  of  the  Heart  Beat,"    I'.lli,   ;iJ. 
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STDIULATION   OF  TIIR   ISOLATED   VENTlUrLK.   WTTIf   SPECIAL 
REFERENCE    TO    THE    DEVELOI'MEN'I'    OF    Si'ONTANEOUS 

RHYTHM. 

By  ARTHUR   R.  (TTSHNY. 

The  great  majority  of  tlie  iiTegularitics  of  ficai't  hitherto  examined  arise 
from  tile  develo))meiit  of  s))ontan(M)us  conti'actioiis  in  |)arts  of  the  heart  in 
which  file  generation  of  ihvtlnn  is  norinall\'  in  ahevanee.  Tlie  eliief  other 
causes  whieli  iiave  Iieen  recognised  are  abnormal  conductivity  and  the 
anomalous  contraction  wiiich  gives  rise  to  ])ulsus  alternans.  The  develoj)- 
ment  of  s]iontaneous  activity  in  ordinarily  passive  parts  of  the  heart  is 
therefore  of  great  interest  from  the  clinical  stand|)oint  to-day  as  it  has  always 
been  from  the  ])hysiol()gieal.  Many  of  the  conditions  untlerlying  rhythmic 
activity,  such  as  temjieratm'e,  nutrition,  have  been  the  subject  of  innuineral>le 
investigations,  but  the  development  of  spontaneous  rhythm  in  a  normally 
passive  part  of  the  heart  still  remains  (|uite  oljscure. 

A  new  method  of  approaching  the  subject  seemed  to  mc  to  be  offered 
by  an  observation  of  Eriangcr  and  Hirsehfelder, '  who  in  the  co\n-se  of  their 
work  on  heai't-block  observed  that  if  the  sjiontaneous  rhythm  of  the  isolateil 
mammalian  ventricle  is  accelerated  by  a  series  of  lapid  electrical  shocks, 
there  follows  afterwards  a  ])eriod  of  slow  contractions  of  the  chandjcr  ver\' 
similar  to  that  observed  immediately  after  severing  it  from  the  auricle  l)v 
dividing  the  aui'iculo-ventricular  bundle.  This  slow  rhythm  then  gives  way 
gradually  to  the  ordinai-y  rhythm  of  the  isolated  ventricle.  Here  it  seemed 
the  generation  and  extinction  of  sjiontaneous  rhythm  might  be  studied  under 
controllable  conditions.  1  have  therefore  perfoiined  a  number  of  exjieriments 
on  the  effects  of  stimulation  of  the  mammalian  ventricle  sejiai'ated  from  the 
auricle  l>y  division  of  the  His"  bundle. 

Most  ex])ei'iments  were  made  on  the  cat's  heart,  a  few  on  the  rabbit's. 
The  animal  was  killed  by  a  blow  on  the  head  and  immediately  bled  fiom 
Ijoth  carotids.  The  heart  was  excised  and  ])erfused  with  Locke's  solution 
through  the  aorta  in  the  usual  mannei'.  After  normal  contractions  had  been 
develf)ped.  the  right  ventricle  was  opened  and  the  bundle  cut  as  descrilted 
l)y  Cullis  and  Dixon.-*     The  contractions  were  record(^d  by  a  lever  which 

*T  am  mur-li  iiiclrl.tc.l  t(.  :\lis.s  Ciillis  l,.f  kiwUv  sli.iw  in:;  iiir  llir  drtails  .if  tlir  iiii-tliod. 
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was  attached  to  the  apex  of  the  lieart  by  a  thread  and  liook  in  the  usual  way. 
The  ventricle  was  stimulated  hy  means  of  fine  wires  hooked  into  it  and  leading 
from  a  secondary  coil.  In  the  ]irimary  circuit  there  was  inserted  in  addition 
to  the  signal,  key.  &c..  a  rotating  interiu])tcr  driven  hy  a  snuill  electric  motor 
furnished  with  screw  reducing  gear  and  woiking  through  a  ))air  of  gradually 
tapering  cone  pulleys,  through  which  the  rate  of  the  stimuli  could  be  very 
exactly  grachiated. 

When  the  ventricle  was  beating  automatically,  and  its  usual  slow  rhythm 
was  accelerated  by  a  series  of  shocks  at  a  more  rapid  rate,  it  did  not  reassume 
its  original  rhythm  when  the  artificial  stimulus  was  withdrawn,  but  as  a 
general  rule  remained  quiescent  for  some  time  and  then  recommenced  beating 
very  slowly,  and  sometimes  irregularly,  gradually  accelerating  its  rhythm 
until  it  resumed  its  original  rate  before  stimulation.  The  initial  pauses  are 
exactly  similar  to  those  which  occur  on  section  of  the  auriculo-ventricular 
bundle,  as  Erlanger  and  Hirschfelder  iDointed  out. 


Fi".    1.      l'i)i>er  line,  ventricular  tracing  ;    tniddle,  stimulation  signal  ;    lowest,  time  in  seconds. 
Stimulation  l>y  electric-  shock  for  8-3  seconds. 


The  interval  preceding  the  first  spontaneous  contraction  is  often  of  very 
great  length  ;  for  example,  in  a  ventricle  whose  rate  before  stimulation  was 
30  per  minute,  this  interval  in  one  instance  extended  over  20  seconds.  In 
another  instance  a  ventricle  beating  normally  at  120  per  minute  stood  still 
for  7.1  seconds  ;  but  as  a  general  rule  it  was  much  shorter.  The  interval 
between  the  first  and  second  contractions  was  usuall}^  somewhat  shorter 
than  that  preceding  the  first  but  not  infrequently  was  actually  longer. 
Erlanger  and  Hirschfelder  seem  to  have  found  the  second  interval  longer 
than  the  first  in  a  larger  proportion  of  their  experiments.  The  succeeding 
intervals  became  progressively  shorter  as  a  general  rule  but  occasionally 
the  third  ])ause  was  the  longest  of  all.  And  in  some  experiments  after  the 
rhythm  had  detinitel}-  begun  to  accelerate,  for  example  after  6  or  8  spontaneous 
contractions,  a  pause  of  very  considerable  length  intervened. 
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The  plienomenon  is  a  very  definite  one  and  occurs  only  in  the  sjionta- 
neously  beating  ventricle;  as  long  as  the  ventricle  heats  in  res])onseto  auricular 
inijuilses  the  first  pause  alter  the  ventricular  stimulation  is  less  than  two 
normal  jnilse  intervals,  and  the  second  interval  is  of  normal  length. 

The  time  ela])sing  hei'ore  the  slowly  accelerating  ventricle  reaches  its 
previous  rate  varies  greatly  in  ditferent  hearts  and,  in  the  same  heart,  in 
succes.sive  observations.  Sometimes  the  normal  rate  is  resumed  in  the 
course  of  ten  seconds  after  the  cessation  of  the  artificial  stimuli  ;  in  other 
instances  several  minutes  are  required  ;  and  sometimes  the  original  rhythm 
is  not  reached  in  the  course  of  the  experiment.  These  variations  were 
found  to  be  dependent  in  jiart  on  the  method  of  stimulation  and  in  jiart  on 
the  condition  of  the  heart  at  the  time.  The  latter  factor  is  obscure,  but  some 
of  the  causes  which  promote  this  hypotonic  condition  of  the  ventricular 
pacemaker  were  ascertained. 

(a)     Condition  of  ihe  heart  in  general. 

The  pau.se  and  slow  ing  were  generall}'  more  marked  and  more  persistent 
in  the  later  phases  than  in  the  beginning  of  my  experiments,  as  in  those  of 
Erlanger  and  Hirsclifelder.  As  the  energy  of  the  heart  decreases  the  results 
of  the  accelerated  rhythm  become  greater  and  a  longer  interval  must  be 
allowed  to  obtain  the  return  of  the  rliythm  ]>revailing  before  the  interfei'ence. 

In  fact,  in  the  earlier  jiart  of  an  cx])criment  the  phenomenon  may  not 
be  at  all  well  marked,  the  ventricle  resuming  its  previous  rhythm  after  two 
or  three  beats  slightly  slower  than  usual.  Or  the  acceleration  may  be 
followed  by  a  prolonged  slow  stage  which  gradually  passes  into  the  normal 
rhythm  (Fig.  2)  without  any  such  pauses  as  are  shown  in  Fig.  1  being 
developed. 


Fig.  2.  The  original  rliytlim  of  63  per  minute  was  artificially  raised  to  90  during  10  seconds. 
The  rhythm  afterwards  was  regular  but  slow  with  a  very  gradual  acceleration,  the  first  ten 
contractions  being  at  the  rate  of  4.5-.")  per  minute,  the  next  ten  at  the  rate  of  ^3-5  per  minute. 
Time  in  one-fifth  seconds. 


The  reaction  illustrated  in  Fig.  2  is  merely  a  lower  form  of  that  seen  in 
Fig.  1,  however,  for  it  tended  to  change  into  the  phase  of  prolonged  pau.ses 
as  the  experiment  continued  and  the  heart  Jiecanie  more  exhausted,  and  the 
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other  factors  which  exaggerated  tlie  jiaiises  also  tended  to  change  the  slowing 
to  the  pause  phase.  Tims  the  slow  regular  rhythm  of  Fig.  2  occurred 
especially  when  the  rate  of  stimulation  was  not  much  in  excess  of  the 
spontaneous  rhythm,  and  a  more  ra))id  series  of  shocks  often  elicited 
distinct  ])auses. 

The  more  marked  jiauses  may  be  elicited  very  readily  in  any  perfused 
ventricle  by  allowing  the  temiierature  of  the  solution  to  sink  to  about  32-34'' 
C  before  inducing  the  artificial  rhythm.  And,  if  the  reduction  of  temperature 
has  not  lasted  too  long,  the  more  marked  effects  seen  at  the  lower  temperature 
disap])ear  again  on  raising  the  temperature  to  38"  ('.  and  again  stimulating. 

Another  method  of  eliciting  distinct  pauses  in  a  strongly  contracting 
heait  is  by  reducing  the  oxygen  in  the  jierfusing  fluid.  In  my  earher 
ex]ieriments  the  fluid  was  thoroughly  oxygenated  before  the  ])erfusion  began, 
but  no  oxygen  was  passed  through  aftcrw  ards.  This  is  sufficient  to  maintain 
the  rabbit's  heart  in  fair  condition,  and  only  the  less  marked  forms  of  the 
failure  of  rhythmicity  were  seen  in  the  earlier  part  of  experiments  on  those 
animals.  The  cat"s  heart  requires  a  large  supply  of  oxygen  apparently, 
for  the  pauses  were  very  marked  and  the  general  condition  of  tlie  heart  was 
much  less  favourable  than  in  the  rabbit,  unless  oxygen  was  bubbled  through 
the  fluid  throughout  the  perfusion. 

The  effects  of  reducing  the  oxygen  of  the  Ringer's  solution  on 
the  recovery  of  the  ventricle  from  artificial  stimulation  are  shown  in 
Experiment  1. 

Experimrnt  1 .  A  pat's  lieart  was  preparpd  in  tlip  way  despribpd.  The  spontaneous  ventricular 
rhythm  was  -t,")-4S  jjer  minute, /.c,. 5  beats  oc-cupied  <r2-()-7  spconds.  It  was  stinuilated  with  electric 
shocks  at  the  rate  of  !li>S-170  jier  minute  for  (i-;;  seconds  and  this  was  followed  by  some  slowing, 
as  is  seen  in  the  table  below,  wliich  gives  the  tiTne  occupied  liy  the  first  five  contractions  after  the 
stimulation  ceased.  The  ordinary  oxygenated  Ringer's  solution  was  now  replaced  by  .some  which 
had  been  recently  boiled  to  expel  the  oxygen,  and  each  five  minutes  as  this  was  being  perfused, 
the  ventricle  was"  again  stimulated  by  ele'ctric  shocks  at  tlie  same  rate  and  of  the  same  duration. 
After  the  boiled  Ringer's  solution  had  been  perfused  for  \r>  minutes  it  was  again  rejjlaced  by  the 
original  oxygenated  solution  and  five  minutes  later  the  ventricle  was  again  stimulated  as  before. 
It  must  be  added  that  the  boiled  Rineer's  solution  was  not  completely  free  from  oxygen  when  it 
reached  the  heart  as  it  passed  tln-ougli  narrow  tubes  whose  walls  were  covered  with  bubbles  of 
oxygen  liberated  from  the  oxygenated  solution  previously  used  ;  but  the  amount  of  oxygen  was 
im'doubtedly  much  reduced.  '  The  table  gives  the  time  occupied  in  the  first  five  beats  after  the 
stimulation"  in  each  case,  contrasted  with  the  time  of  fivj?  beats  before  stimulation.  The  rate 
of  the  ventricle  was  not  diminished  by  the  partial  asj^hyxia  in  this  case. 

Normal  rate,  .5  l^eats  in   0-2-6-7  sees. 

.After  stimulation,  .■)  beats  in     l-7>  sees,  in   oxygenated  solution. 

5       ..       ..     il-."!      .,  after     .">  luins.  asphyxia. 
r>        ..        „    1(3-3       ..  .,      10  „  ,,_ 

.">        „        ,.  200      ..  „      l.J  „  „      " 

.")       ..       ..   IS'O      ,,  ,,       r>  ,,       oxygenated  .solution. 


A  de])ressed  (hypodynamic)  condition  of  the  ventricle  is  therefore 
one  of  the  factors  which  favour  this  failure  to  recover  from  acceleration. 
This    depressed    condition    may    be   elicited    by    cold,    by   asphyxia,    or    by 
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prolonged  exposure  to  the  conditions  of 
tlu'  experiment.  It  was  of  interest  to 
determine  whether  the  condition  of  the 
heart  in  which  this  failure  of  the 
rhythmicity  is  marked  is  the  same  as 
tlie  hypodynamic  state  in  whicli  occurs 
the  curious  alternation  of  contractions 
giving  rise  to  pulsus  alternans.  I  have 
looked  through  my  tracings  to  find  whether 
alternation  is  generally  more  marked 
in  the  cases  in  which  the  impairment 
of  rhytlimicity  is  very  evident,  and  the 
general  result  is  that  while  alternation 
is  very  common  during  the  ])hase  of 
acceleration,  it  is  not  generally  more 
marked  in  the  ex])eriments  in  which 
the  most  prolonged  pauses  occurred, 
and  is  sometimes  entirely  absent  in 
these  ;  in  other  tracings  well  marked 
alternation  of  the  ventricular  contractions 
occurred  during  the  artificial  rapid 
rhythm  without  the  pause  phenomenon 
being  at  all  well  marked.  (Fig.  3). 
The  abnormality  underlying  alternation 
may  therefore  be  present  along  with  that 
which  favours  the  failure  of  rhytlimicity, 
but  they  may  occur  separately  and  are 
not   identical. 


ti-3  " 


p  c  5 


{b)      Number  of    stimuli  am!    dunilinn 
of  .stimulation. 
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Erlanger  and  Hirschfelder  found  that 
the  rate  and  duration  of  the  artificial 
stimulation  influenced  to  a  great  extent 
the  duration  of  the  succeeding  pause, 
and  here  again  my  results  are  in  accord 
with  theirs,  as  is  seen  from  the  following 
experiment. 
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Ej-pcriment  2.     Cat's  hpart,  ventricle    beating    .*!()    per    minute.     Artificial  stimuli  at  the 
rate   cif    \'M  per  minute.      Interval   between   two   contractions   is  normally   l-C  seconds. 
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In  this  experiment  the  duration  of  the  pause  before  the  first  spontaneous 
beats  and  the  intervals  before  the  second  and  third  beats  are  seen  to  be 
roughly  proportional  to  the  number  and  duration  of  the  artificial  stimuli. 

The  interval  during  «liich  the  rhythm  remain.s  slow,  i.e.,  before  the 
normal  rhythm  is  regained,  is  also  dejiendent  on  the  duration  of  the  artificial 
rhythm.  No  absolute  iDarallelism  is  ])resent  in  any  experiment  because, 
as  will  be  shown,  a  previous  jieriod  of  stimulation  often  has  effects  lasting 
over  many  minutes,  but  the  numljers  are  sufficient  to  demonstrate  the 
relation  and  jiermit  the  inference  that  the  effects  of  an  artificial  rhythm  are 
to  depress  the  rhythmicity  of  the  automatic  ventricle,  and  the  degree  of 
depression  varies  with  the  duration  of  the  artificial  rhythm.  It  is  of  interest 
to  note  that  in  this  experiment  a  single  extrasystole  causes  a  very  slight 
dejn-ession,  the  interval  between  the  extrasystole  and  the  succeeding  beat 
being  IS  seconds,  while  the  normal  period  is  ItlT  (comi^are  Fig.  4).  This  I 
have  noted  repeatedly  although  as  a  general  rule  there  is  no  such  delay, 
the  interval  between  the  extrasystole  and  the  next  contraction  generally 
being  the  normal  pulse  period.  In  other  words,  in  the  spontaneous  ventricle 
an  extrasystole  is  not  followed  by  a  ])ause  as  a  general  rule,  but  in  some 
cases  the  next  spontaneous  contraction  may  be  delayed,  i.e.,  there  may  be  an 
imperfectly  "  comjiensatory  "  ])ause.  In  my  experience  this  jjause  has 
occurred  generally  in  hearts  w  hich  have  been  under  observation  for  some  time 
and  in  which  the  slow  recovery  from  artificial  rhythm  has  been  well  marked. 

In  a  previous  experiment^  on  the  s]iontancously  beating  ventricle  of 
the  dog  ni  ■'^itii.  I  described  a  similar  delay  after  an  artificial  stimulus  {i.e., 
there  was  a  jjartially  compensatory  ])ause),  and  similarly  on  stimulating 
in  the  neighbourhood  of  the  great  veins  there  was  the  same  delay  in  the 
appearance  of  the  succeeding  contraction  ;  it  is  generally  stated,  however, 
that  in  spontaneously  beating  parts  of  the  heart  there  is  no  compensation, 
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the  interval  between  the  extrasystnle  and  the  next  normal  beat  being  the 
normal  pause  period.  As  far  as  the  ventricle  is  concerned  this  is  true  for 
many  hearts,  l)ut  thcn^  are  conditions  in  whicli  the  s|)ontaneous  beat  of 
the  ventricle  is  delayed  after  an  cxtrasystole  and  there  is  thus  "  partial 
compensation."  If  this  may  be  extended  to  the  normally  automatic  area 
of  the  heart  in  the  Kcitli  and  Flack  node,  an  extrasystole  may  ordinarily  be 
followed  by  a  normal  interval  without  any  attempt  at  com])ensation,  but 
in  dejjres.sed  conditions  of  the  heart,  there  may  be  some  delay  here  also. 


Fig.  4.  Stiimilatii)ii  \\  itii  iiiii\  two  unci  tliive  sliocks.  Tinio  (lowest  lino)  in  sooonds.  Increased 
pause  after  one  stiniiiliis.  Slowiii";  extending  over  several  heats  after  two  or  three  beats 
in  aeeelert^ted  rlivthni. 


rfnnnvinri 
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Fig.   .5.      EH'ects  of  stimulating  the  ventricle  at  the  ralos  of  112  per  minute  (a),  and  230  ]jer  minute 
(b).     An  interval  of  ii\e  minutes  between  (a)  and  (h).     Time  in  one-fifth  seconds,  highest  line. 


This  may  jjerhajis  1k1|)  to  exjilain  certain  difficulties  that  have  arisen  in  the 
interpretation  of  pulse  tracings  in  man  in  regard  to  extrasystoles  of  the 
auricle,  in  which  the  ])ause  seems  to  be  longer  than  would  be  accounted  for 
by  the  view  which  I  suggested  some  years  ago.  In  this  I  assumed  that  the 
interval  between  a  premature  stimulus  of  the  pacemaker  and  the  normal 
stimulus  following  was  exactly  the  interval  between  two  normal  pulses  ; 
the  partial  comjiensation  which  occurs  after  an  auricular  extrasystole  was 
explained  by  the  stimulus  passing  backward  to  the  pacemaker  and  discharging 
it,  the  next  imjjulse  from  it  arising  at  the  normal  interval  and  descending 
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to  the  auricle.  The  interval  between  the  beginning  of  an  auricular  extra- 
systole  and  the  tollowing  l)eal  would  tlius  exceed  a  normal  pidse  interval 
only  by  1  lie  time  re(|uired  for  an  MseiMKUnrj  iui)iulse  to  reach  the  pacemaker 
and  a  descending  one  to  rcacli  tiu'  auricle.  As  a  matter  of  fact  the  interval 
after  an  auricular  cxtrasystolc  is  often  longer  than  woidd  be  easily  accounted 
for  on  this  view,  but  if  the  iiui)ulsc  fidni  the  auricle  not  only  discharges  the 
pacemaker,  but  also  in  certain  conditions  de])resses  it,  it  seems  jiossible 
to  rehabilitate  the  view.  And  that  this  may  occur  is  suggested  on  the 
analogy  of  the  sjjontaneously  beating  ventricle  in  the  jiresent  series  of 
experiments. 

((•)     Bate  of  sti»iuhttio)i. 

The  rate  of  the  artificial  rhythm  influences  to  a  marked  extent 
the  character  of  the  following  contractions.  (Experiment  3,  and  Fig.  5  (a) 
and   {b).) 

Ei-perinipnl  ."!.     Cat's  heart.     Divided  bundle.     Xormal  rate  of  ventricle  .50  per  minute,  i.e., 
pulse  interval  =  1-2  seconds.     Stimulated  in  each  case  for  10  seconds. 
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Here  a  very  definite  decrease  in  the  power  of  recovery  is  seen  with  each 
successive  increase  in  the  rate  of  stimulation,  though  it  is  difficult  to  reach 
absolute  figures  from  the  fact  that  repeated  stimulation  at  short  intervals 
in  itself  decreases  the  rhythmicity,  as  will  be  di.scussed  later.  Not  in- 
frequently a  moderate  acceleration  induced  merely  a  slight  slowing,  as  in 
Fig.  2,  without  pauses,  while  a  greater  acceleration  was  followed  by  distinct 
pauses  and  irregularity,  and  every  gradation  between  mere  slowing  and 
distinct  standstill  could  sometimes  be  elicited  by  changing  the  rate  of  the 
artificial  rhythm. 

The  smallest  acceleration  which  was  found  to  exert  this  depressing 
efl'ect  was  of  interest,  but  varied  in  different  hearts  and  in  the  same  heart  at 
different  stages  of  the  experiment.  \'ery  distinct  slowing  or  pauses  may 
often  be  elicited  by  accelerating  the  rhythm  by  .50  per  cent.,  and  late  in  the 
experiment  prolonged  acceleration  of  about  10  per  cent,  may  ehcit  the 
phenomenon.  The  degree  of  acceleration  necessary  thus  varies  with  the 
duration  of  the  artificial  rhvthni  and  also  with  the  condition  of  the  heart. 
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The  acceleration  necessary  to  induce  subscijiieiit  slowing  and  pauses  may  in 
fact  be  taken  as  a  rougli  gauge  of  the  condition  of  the  heart,  the  l)etter  tiui 
general  nutrition  the  greater  and  longer  the  acceleration  which  can  l>e  borne 
without  serious  derangement  of  the  rhytlimieity  subsequently. 

In  man  complete  auriculo-\'entricular  l)lock  may  exist  with  fair  general 
health,  but  in  many  cases  of  block  there  are  phases  of  extreme  slowing  \\  hicii 
may  induce  the  Stokes-Adams  syndrome.  In  one  case*  the  extreme  slowing 
was  always  preceded  by  a  period  of  acceleration,  and  the  similarity  to  the 
automatic  ventricle  in  my  experiments  is  striking.  The  inference  may 
perhaps  be  drawn  that  the  extreme  slowing  in  man  in  complete  block  is  not 
only  of  gravity  in  itself  from  the  imjierfect  circulation  but  also  as  l)etraying 
a  seriously  imjjaired  condition  of  the  ventricular  nutrition.  In  one  of  my 
tracings  a  sudden  acceleration  from  sonu^  unknown  cause  occurred  and  was 
followed  by  a  period  of  slow  pulses  (Fig.  (i),  and  in  another  the  acceleration 
induced  artificially  continued  for  some  time  after  the  electric  shocks  iiad 
ceased  and  again  a  pause  followed.  This  suggests  that  a  spontaneous 
acceleration  if  marked  may  be  sufficient  to  induce  the  same  imperfect 
rhythmicity  as  I  have  described. 

In  this  connection  it  may  be  added  that  the  effects  of  electrical  stimula- 
tion are  the  same  w  herever  the  electrodes  are  applied.  In  several  experiments 
one  pair  of  electrodes  was  attached  as  near  as  possible  to  the  cut  bundle, 
another  pair  to  the  apex,  and  series  of  shocks  were  alternately  passed  through 
the  bundle  and  through  the  apex,  but  no  difference  could  be  detected  in  the 
effects. 

Change  in  the  strength  of  the  shocks  has  no  influence  on  the  phenomenon. 
The  minimal  strength  which  is  capable  of  inducing  an  artificial  rhythm  is 
as  effective  in  inducing  the  pauses  as  much  more  powerful  ones.  Shocks 
which  do  not  suffice  to  cause  artificial  rhythm  are  without  effect  on  the 
rhythmicity. 

The  factors  determining  the  appearance  of  these  pauses  so  far  observed 
are  then  (a)  the  condition  of  the  heart  in  general,  its  temperature  and  oxygen 
supply,  and  the  length  of  time  it  has  been  exposed,  [b]  the  duration  of  the 
stimulation,  and  (c)  the  rate  of  stimulation.  In  one  experiment  these  did  not 
seem  sufficient  to  exjilain  the  features  ol)served,  for  several  times  successive 
stimulation  of  the  same  duration  and  rate  was  followed  alternately  by  well 
marked  ])auses  and  by  merely  slight  slowing,  and  there  was  not  any 
appreciable  difference  in  the  heart's  nutrition  to  explain  these. 

Is  the  phenontenon   inhibitory  in   nature  ? 

Accelcratii)ii  of  the  i-hy(hni  of  the  s|)oi)tancously  beating  ventricle  thus 
induces  a  condition  in  which  the  iliythin  is  tciii))or;irily  in  abeyance.  It  was 
of  imjxirtancc  to  di'lerniinc  what  is  the  condition  of  the  vcntiicle  during 
this  period  of  inactixity.     I'-irst  it  had  to  be  determined  if  the  stoppage  was 

*   Sei-'    J.ewis  ami   Colin   (us   _\fC    unimblislieil). 
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of  the  nature  of  inhibition,  and  several  experiments  were  ])erfnrmed  in  which 
atropine  was  added  to  the  perfusion  fluid  to  the  amount  of  00 1  per  cent, 
without  removing  the  slowing.  This  is  far  more  than  sufficient  to  paralyse 
the  inhibitory  nerves.  And  in  many  features  the  phenomenon  does  not 
resemble  the  effects  of  inhibition  as  ordinarily  understood.  Thus  if  the 
inhibitory  apparatus  were  stimulated  by  the  electric  shocks,  the  effects 
would  be  most  marked  from  a  short  scries  of  stimulations,  while  prolonged 
excitation  would  tend  to  fatigue  the  inhibition.  But,  as  has  been  stated, 
the  longer  the  stimulation  is  ajiplied  the  more  marked  the  subsequent 
slowing.  The  strength  of  the  shocks  might  also  be  exj^ected  to  be  of  import- 
ance, and  stimulation  at  a  strength  belo\\-  that  necessary  to  cause  rhythm 
might  induce  the  slow  ing.  Moreover  even  strong  shocks  applied  at  the  same 
rate  as  the  normal  ventricular  rhythm  induced  no  slowing  or  pauses.  On 
these  grounds  the  inhibitory  mechanism  may  be  absolved  from  responsibility 
for  the  phenomenon  under  exainination. 

E.rcitabi/lli)  (I  ml  fdiilnirtiliti/  (/iirliig  pa  use. 

During  the  longest  pauses  the  muscle  remains  capable  of  contraction 
on  stimulation,  and  in  fact  responds  with  an  abnormally  jjowerful  beat,  so 
that  the  slowing  is  obviously  not  due  to  exhaustion  of  the  contractile  elements. 

The  excitability  of  the  heart  by  electrical  stimulation  also  remains 
laiimjKvired  during  the  jKiuse.  This  was  ascertained  in  a  number  of  experi- 
ments in  which  the  minimum  shock  to  which  the  ventricle  resjDonded  during 
spontaneous  rhythm  was  measured,  a  rapid  artificial  rhythm  was  then 
elicited  and  during  the  subsequent  pause  the  threshold  shock  was  applied. 
The  minimal  shock  was  found  by  gradually  approaching  the  secondary  coil 
from  which  wires  led  to  the  electi'odes  in  the  heart,  until  rai)id  shocks  were 
just  sufficient  to  cause  irregularities  in  the  form  of  extrasystoles.  This  point 
ascertained,  the  current  was  strengthened  and  a  fast  rhythm  was  elicited, 
and  during  the  subsequent  pause  either  single  shocks  or  a  series  of  shocks 
of  the  minimal  strength  were  sent  through  the  ventricle.  The  heart  responded 
to  the  threshold  stimulus  as  before,  but  failed  to  contract  if  the  shock  was 
reduced  further  in  strength.  For  example,  in  one  experiment,  stimulation 
with  the  coils  at  105  mm.  distance  was  sufficient  to  cause  an  accelerated 
artificial  rhythm,  while  stimulation  at  110  mm.  distance  was  ineffective. 
A  rapid  series  of  shocks,  applied  at  80  mm.  for  10  seconds,  was  followed  by 
very  nuirked  pauses.  After  an  interval  for  recovery,  rajnd  shocks  at  SO  mm. 
distance  were  again  given  for  10  seconds,  and  then  the  strength  was  reduced 
to  105  mm.  which  maintained  the  same  rapid  rhythm.  Pauses  occurred, 
however,  as  before  as  soon  as  the  distance  was  increased  to  110  mm.  And 
when  the  rapid  rhythm  was  induced  at  80  mm.  distance  and  the  coils  were 
then  withdrawn  to  1 10  the  pauses  occurred  as  if  the  shocks  had  ceased  alto- 
gether. The  same  results  followed  if  the  pause  were  allowed  to  develop  before 
the  threshold  shock  was  ajiplied. 
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The  close  api^roximation  during  the  pause  to  the  iiormal  exeitabihty 
was  especially  marked  in  some  cases  in  w  liicli  shocks  of  a  certain  speed  and 
strength  alternately  induced  contractions  and  failed  of  effect  owing  to  every 
second  shock  falling  during  the  jihase  of  lowered  irritability  from  the  pieceding 
contraction.  (Strengthening  the  current  then  doubled  tiie  rate  of  beat,  as 
each  shock  became  effective.  Thus  in  the  above  experiment  when  the  coils 
■were  at  105  mm.  distance,  stimulation  at  the  rate  of  !t6  j)er  minute  gave  a 
rhythm  of  06  per  minute,  each  shock  being  effective,  while  at  107  mm. 
distance  the  same  rate  of  stimulation  caused  only  48  beats  per  minute,  and  at 
the  distance  of  lOt)  mm.,  shocks  had  no  effect  whatever.  During  the  pause 
following  acceleration,  the  same  values  held,  stimulation  at  105  mm.  distance 
causing  a  rhythm  of  !)6.  that  at  107  causing  one  of  48,  and  stimulation  at 
109  failing  to  cause  any  movement  or  to  interrupt  the  jiause. 

During  the  pause  after  acceleration  the  irritability  of  the  ventricle 
therefore  reaches  the  same  threshold  value  as  during  its  ordinary  rhythm. 

The  same  result  may  be  reached  by  consideration  of  another  observation. 
For  if  the  excitabilit}'  were  exhausted  by  the  series  of  artificial  stimuli, the 
threshold  stimulus  would  fail  to  maintain  the  accelerated  rhythm  after  a  time. 
In  two  experiments  the  minimal  strength  of  shock  necessary  to  elicit  the 
rapid  contraction  was  accurately  determined,  and  this  \\as  then  maintained 
for  t\\o  minutes  and  five  minutes  without  interruption.  But  the  heart 
continued  to  respond  to  it  at  the  end.  and  when  during  the  succeeding  pause 
the  series  of  shocks  was  resumed,  the  ventricle  resjionded  again.  Here 
again  the  excitability  of  heart  muscle  does  not  seem  impaired  by  prolonged 
stimulation.  On  the  other  hand  it  does  not  seem  to  rise  to  an  abnormal 
height  during  the  pauses,  for  sub-minimal  stimuli  were  not  efficient  at  any 
time  during  the  quiescence.  It  is  of  course  possible  that  just  before  the 
spontaneous  contraction  there  is  a  sudden  access  in  the  excitability  of  the 
ventricle,  but  there  is  no  evidence  of  such  a  change  in  my  work.  It  may  be 
taken  then  that  the  excitability  of  the  ventricle  rises  during  the  pause  in  the 
same  way  as  after  a  normal  contraction,  reaches  a  maximum,  and  then 
remains  with  little  change  until  the  first  spontaneous  contraction.  The  latter 
cannot  be  regarded  as  the  culmination  of  a  gradually  increasing  excitability, 
for  the  latter  has  reached  its  maximum  it  may  be  as  much  as  two  seconds  or 
more  earlier.  In  other  words  the  rhythmic  stimulus  arises  in  the  heart  by  a 
different  process  of  anabolism  from  that  involved  in  the  recuperation  of  the 
excitability  to  external  stimuli.      (See  note  p.  278.) 

Fatigue  of  the  cardiac  junctions. 

When  the  connection  between  the  auricle  and  ventricle  is  severed,  so 
that  the  latter  receives  no  further  impetus  from  above,  the  ventricle  after 
greater  or  less  delay  commences  to  beat  s))ontaneously,  as  was  shown  by 
(Jaskeil  for  the  cold-blooded  heart  and  as  has  been  recently  developed  by 
Erlanger  and  his  collaborators  and  other.s  for  the  nuimnuilian  heart.     Gaskell 
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concluded  that  the  ventricle  is  constantly  ca))ahlc  of  rhythm,  hut  as  its 
rliythniicity  is  of  a  loMer  order  than  that  of  the  auricle  and  pacemaker,  it 
normally  has  no  opportunity  of  heating  automatically  hecau.se  the  sponta- 
neous ventricular  contraction  is  ah\ays  anticijiated  l)y  an  external  im])ulse 
reaching  it  from  ahove.  As  far  as  I  gather,  his  view  is  that  the  i)acemakcr 
dominates  the  lieart  simply  hy  anticipating  the  spontaneous  development 
of  rhythm  in  the  other  parts  ;  w  hen  the  impulses  from  the  i)acemaUer  arc 
cut  off,  the  ventricle  develops  its  own  rhythm,  at  first  slowly  and  then  more 
quickly.  My  results  reveal  another  factor  in  the  process,  for  they  indicate 
that  the  pacemaker  not  only  anticipates  the  ventricular  spontaneous  beat 
but  actively  depresses  the  ventricular  rhythmicity.  The  slowness  of  the 
earlier  idio-ventricular  beats  after  section  of  the  bundle  is  due  not  merely 
to  the  ventricle  gradually  developing  an  unaccustomed  function,  hut  to  its 
recovering  from  the  state  of  dejjression  to  w  hich  it  has  been  reduced  by  a 
life-long  series  of  impulses  from  above. 

This  condition  of  depression  in  which  tiic  ventricular  spontaneity  is 
normally  maintained  by  the  dominant  pacemaker  and  which  may  be  induced 
by  an  artificial  rhythm,  resembles  the  phenomenon  of  fatigue  of  voluntary 
mu.scle.  Thus  its  extent  depends  on  the  number  and  rate  of  the  stimuli 
applied,  it  passes  off  slowly  and  may  be  renewed  repeatedly. 

There  is  no  analogous  effect  on  the  contractility  of  the  heart  muscle, 
which,  as  is  well  known,  is  not  weakened  by  prolonged  activity,  and  whose 
strength  may  actually  increase  when  the  rhythm  is  accelerated.  The 
excitability  of  the  ventricle  as  measured  by  the  minimal  electric  shock  which 
arouses  a  contraction,  also  shows  no  cumulative  depression  in  my  experiments 
and  thus  resembles  the  contractility  in  its  behaviour.  In  the  case  of  the 
conduction  of  impulses  there  appears  to  be  something  of  the  nature  of  fatigue, 
for  all  the  evidence  from  Gaskell  onwards  ])oints  to  the  view  that  when 
unusual  calls  are  made  on  the  impaired  conduction  pow  er  of  the  heart,  there  is 
a  certain  cumulative  effect  seen,  the  passage  of  one  impulse  causing  unusual 
difficulty  in  the  conduction  of  the  following,  and  this  increasing  with  each 
impulse  until  it  culminates  in  the  complete  block  of  one  impulse,  which  may 
be  interpreted  as  complete  fatigue  of  the  conducting  .4-  F  fibres.  On  the 
other  hand,  where  several  contractions  of  the  auricle  fail  to  elicit  more  than 
one  ventricular  systole  the  efficient  im])ulse  may  be  held  to  fatigue  the  bundle 
to  such  an  extent  that  it  only  gradually  recovers.  The  conduction  after  an 
intermission  is  abnormally  rapid,  as  the  conductivity  fibres  recover  from 
fatigue.  The  question  arises  whether  the  function  of  conduction  like  that 
of  rhythmicity  is  normally  kept  in  a  state  of  submaximal  activity,  whether 
the  binidle  of  His,  for  exam])le,  is  in  a  constant  state  of  partial  fatigue.  This 
nuiy  be  the  explanation  of  the  distinct  ))ausc  which  occurs  between  the 
auricular  and  vcntriiiilar  systok-,  Init  as  InlerMiissions  are  rare  i'Xt-f])t  in 
defective  c()nducti\ity  it  is  ditlicult  to  determine  ll>e  ((uestion.  'i'he  fact 
that  even  in  imperfectly  conducting  hearts  the  auriculo-ventricular  interval 
after  a  pause  is  shorter  than  that  in  normal  hearts  suggests  however  that 
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even  in  the  normally  beating  heart  the  conductivity  is  partially  fatigued  by 
its  exercise. 

The  fatigue  of  the  rhythmic'  function  in  all  jiai'ts  of  the  heart  except  the 
pacemaker  is  of  advantage  in  ])reventing  spontaneous  heterotoj>ic  con- 
tractions and  ])reserving  the  regular  setjuence  of  the  cardiac  movements. 
The  fatigue  of  the  conducting  fibres  is  of  service  in  allowing  the  auricle  to 
empty  itself  into  a  flaccid  ventricle.  When  the  conductivity  is  abnormally 
efficient  and  the  ventricular  contraction  follows  too  soon  on  the  auricular, 
the  auricle  has  often  to  act  against  a  contracting  ventricle  and  some  of  the 
auricular  contents  are  driven  backwards  into  the  veins  instead  of  forward, 
with  a  corresi)onding  waste  of  energy. 

The  function  of  conductivity  like  that  of  rhythmicity  thus  appears  to 
be  susceiitible  of  fatigue  such  as  is  more  familiar  in  striated  muscle  and  nerve, 
while  the  excitability  and  contractility  of  the  cardiac  muscle  seem  immune 
to  it. 

The  fatigue  of  the  rhythmicity  is  remarkal)le  in  the  fact  that  it  arises  not 
from  the  activity  of  this  function  in  itself,  but  rather  while  it  is  in  abeyance 
from  the  jjresence  of  extraneous  impulses.  A]i])arently  it  is  elicited  by  the 
contractions  of  the  muscle,  not  from  the  actual  generation  of  rhythm,  and 
this  immediately  suggests  that  the  s|)ontaneous  rhythm  fails  after  acceleration 
because  the  ventricular  pacemaker  is  overwhelmed  by  the  waste  products 
arising  from  the  contractions.  As  these  metabolites  are  got  rid  of,  the 
pacemaker  regains  its  power  of  emitting  impulses  and  the  ordinary  idio- 
ventricular rhythm  is  reinstated.  This  view  is  in  accord  with  the  modern 
view  of  muscular  fatigue  to  wliich  the  exhaustion  of  rhythmicity  shows 
strong  analogy. 

Another  phenomenon  with  wiiich  it  sliows  analogy  is  the  apnoea  which 
results  from  forced  breathing  and  which  has  been  ascribed  by  Haldane  and 
Douglas  to  the  excessive  ventilation  of  the  lungs  reducing  the  jiroportion  of 
carbonic  acid  in  the  blood.  The  results  of  the  diminution  of  carbonic  acid 
on  the  circulation  and  heart  have  been  demonstrated  by  Henderson''  and  by 
Jerusalem  and  Starling.''  It  seemed  possil)le  that  the  excessive  rate  and  the 
strong  contractions  of  the  heart  during  the  acceleration  might  have  the  effect 
of  more  efficiently  supplying  it  with  oxygen  and  removing  its  metabolites, 
somewhat  in  the  same  way  as  massage,  and  that  the  pause  of  the  heart 
might  resemble  that  of  the  resitiratory  centre  in  a])ncea. 

In  one  experiment  this  mechanical  effect  of  the  acceleration  was  excluded 
as  far  as  possible  by  shutting  off  the  Ringer's  fluid  immediately  before  the 
acceleration  was  induced  and  comparing  the  effects  with  those  of  a  ^jrevious 
acceleration  induced  in  the  ordinary  way  during  jjcrfusion. 
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In  this  experiment  the  removal  of  the  products  of  activity  by  the 
perfusing  fluid  had  no  influence  on  the  after  effects  of  stimulation.  If  the 
Ringer's  fluid  is  shut  off  longer,  asj^hyxia  slows  the  spontaneous  rhythm  and 
then  acceleration  is  follow  ed  by  much  greater  slowing.  From  this  experiment 
the  inference  may  be  drawn  that  the  acceleration  does  not  act  merely  by 
improving  the  sujjply  of  oxygen  and  the  removal  of  waste  products  by  the 
perfusing  fluid.  It  is  possible  that  it  may  influence  the  nutrition  indirectly 
by  a  sort  of  massage  of  the  fibres  and  this  may  account  for  the  increased 
height  of  the  contractions  as  the  acceleration  is  developed.  But  it  does  not 
seem  likely  that  the  subsequent  pause  is  due  to  either  the  excess  of  oxygen 
or  the  diminution  of  metabolites.  On  the  other  hand  the  pause  phenomenon 
seems  opposed  to  Langendorff's  view  that  the  stimulus  formation  in  the  heart 
arises  from  the  metabolites  formed  from  its  previous  activity  for  these 
must  be  present  in  large  amount  after  the  acceleration. 

Erlangerand  Hirschfelder  note  that  the  second  j^ause  after  the  accelera- 
tion is  often  longer  than  the  first,  and  this  has  not  infrequently  been  the  case 
in  my  experiments,  although  apparently  not  so  often  as  in  theirs.  This  might 
be  interpreted  as  being  due  to  the  fatigue  increasing  for  some  time  after  the 
acceleration  has  ceased,  but  this  is  not  the  necessary  inference.  I  would 
suggest  that  there  are  t^^•o  opposing  factors  here,  the  one — the  fatigue  due  to 
the  acceleration — which  delays  the  spontaneous  rhythm,  the  other  which 
favours  it,  and  which  may  perha^Js  be  the  improved  nutrition  of  the  heart 
from  the  increased  ox3'gen  supply  and  the  self-massage  from  the  rapid  and 
accelerated  contractions  during  the  stimulation.  If  the  latter  factor  dis- 
api^ears  more  quickly  than  the  fatigue  the  first  pause  may  well  be 
shorter  than  the  second.  The  effect  of  oxygen  on  the  rhythmicity  has 
been  illustrated  already  in  Experiment  I,  in  which  it  was  shown  that  the 
rhythm  was  restored  much  more  quickly  than  during  asphyxia.  The 
efl'ects  of  massage  on  the  feebly  beating  heart  were  ecjually  obvious,  the 
rhythm  accelerating  for  some  time  afterwards  and  the  contractions  gaining 
in  strength. 

The  fundamental  factor  in  the  phenomenon  under  discussion  is  therefore 
the  retarded  rhythmicity.  Instead  of  the  energy  for  a  spontaneous  beat 
being  accumulated  in  one  second,  it  may  require  2  or  20  or  more  seconds,  and 
as  the  fatigue  passes  off  the  interval  becomes  shorter  until  the  normal  rhythm 
is  regained.  If,  however,  before  this  point  is  reached  a  new  artificial  rhythm 
is  induced,  the  effects  are  cumulative,  the  pause  at  the  end  of  the  second 
stimulation  is  distinctively  longer  than  that  after  the  first,  and  successive 
series  of  shocks  of  the  same  duration  and  rate  are  followed  by  an  ever 
lengthening  and  deepening  period  of  depression.  This  offers  a  difficulty  in 
comparative  experiments,  because  in  a  heart  of  low  vitality  a  very  consider- 
able time  may  elapse  after  a  period  of  stimulation  before  the  normal  rhythm 
has  returned  completely. 

For  exaniijle,  in  one  experiment  the  ventricle  was  beating  51  times  per 
minute   spontaneously.     .Series  of  rapid   shocks   were  given  for   5  seconds 
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alternately  witli  ])enorls  of  rest  for  10  seconds.     The  result  was  inc'reasingly 
feeble  rliytliniieity  after  eaeii  series  of  stimuli,     'i'iius  — 

after  the  1st   series  tlie  rate  iluring  10  was  ."is  per  luinute. 

..  lind ,            .,  .,  .,    :JG     .. 

.,       ••  ;inl     ..          „       „            .,  „  „    21      „ 

„       -  -ith      ..          ..       .,            „  .,  „    18     „ 

This  eiunulative  fatigue  ((.'f.  Fig.  7)  atf'eets  tiie  ventricular  pacemaker 
wherever  stimuli  are  aj^plied.  For  in  one  experiment  two  paris  of  electrodes 
were  attached  to  the  heart,  one  pair  at  the  aj)ex.  the  other  close  to  the  point 
of  section  of  the  bundle  :  acceleration  from  stimulation  of  the  apex  jiroduced 
the  same  fatigue  as  that  fiom  stimulation  of  the  base.  The  latter  was  now- 
repeated  several  times  with  brief  intervals  to  elicit  the  cumulative  effect. 
When  the  pause  phase  was  well  elicited  the  commutator  was  turned  so  that 
stimulation  was  given  at  the  a])ex.  The  suljsequent  pause  was  the  same  as 
after  the  immediately  preceding  stimulation  of  the  base,  so  that  although 
there  had  been  a  considerable  interval  between  the  ifrst  and  second  apex 
stimulations,  the  intervening  base  stimulation  had  induced  the  same  fatigue 
as  if  all  the  stimuli  had  issued  from  the  apex. 

Development  of  spontaneous  rhythm  during  stimulation. 

Fatigue  of  the  rhythmicity  persists  over  the  period  in  which  the  sponta- 
neous rhythm  is  develojied.  and  then  jiasses  off  gradually  allowing  the  previous 
rate  to  be  regained.  The  ventricle  does  not  recover  during  rapid  extraneous 
rhythm  but  may  be  further  dej^ressed  by  rejjeated  periods  of  rapid  stimulation. 
It  remained  to  determine  how  far  the  spontaneous  rhythm  can  recover  from 
fatigue  if  the  ventricle  is  kejjt  active  by  a  slow  series  of  shocks.  In  some 
experiments  two  discs  were  put  on  the  rotating  interruiator.  one  having  three 
times  as  many  teeth  as  the  other.  The  shocks  ])assing  to  the  ventricle  could 
be  altered  in  rate  from  three  to  one  by  changing  over  a  commutator  which 
was  wired  to  the  two  sets  of  connections  on  the  interruptor  and  to  the  primary 
coil.  The  interruptor  was  rotated  at  the  rate  which  gave  on  the  slower  disc 
the  number  of  shocks  desired  for  the  slow  ])hase  of  stimulation,  and  the 
commutator  was  first  set  for  the  faster  disc  for  a  definite  time  to  induce 
fatigue  and  then  changed  to  the  slower  disc.  When  fatigue  was  elicited  by 
fast  stimulation  and  then  shocks  rather  faster  than  the  spontaneous  rhythm 
were  given,  the  ventricle  did  not  develop  spontaneous  rhythm  during  their 
continuanci".  but  lecoverv  from  fatigue  occui'red.  for  the  ])ause  after  the 
cessation  of  t  he  slow  .u'l  ilici.il  rhyt  lini  w  as  iniicli  sli(ni<'i'  I  ban  il  the  st  iuiulation 
had  ceased  with  llic  ipiick  ai'filicial  ilullini.  Ami  il  llic  second  aititicial 
rhythm  was  just  al)o\c  llu'  sjtontaneous  rati'  and  continued  for  some  time, 
there  was  no  jiause  and  almost  imperceptible  slowing  afterwards.  The 
intrinsic  rhvthm  mav  therefore  recover  dining  a  series  of  extraneous  stimidi, 
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provided  tlicse  aro  not  inucli  moiv  rafiid  tlian  the  sj^ontaneoiis  rli^ythni,  and 
tlie  longer  tlie  slow  series  cdntinues  the  shorter  the  ])ause  after  their  eessation 
before  a  spontaneous  eonti'aetion  occurs. 

II  tiic  sldw  shocks  were  given  at  a  rate  just  helow  that  of  the  normal 
rhythm,  the  ventricle  g<'nerally  r<'maiiie(l  without  s})ontaneous  rhythm 
longer  than  in  controls  in  which  the  stimulation  t-eased  with  the  rapid  series 
of  shocks,  hut  s])ontaneous  contractions  were  develo])ed  eventually  during 
the  continuanee  of  the  slow  artificial  rhythm.  In  some  cases  the  interval 
before  this  occurred  was  not  longer  than  in  the  controls  in  which  the  stimula- 
tion ceased  with  the  ra]jid  fatiguing  shocks,  the  slow  stimulation  a|)])arently 
not  retarding  recuperation  in  these.  The  first  s])ontaneous  contraction  was 
distinguishable  from  the  artiticial  ones  preceding  it  only  by  its  occurring 
slightly  in  advance  of  the  stimulus,  and  the  electric  shock  falling  during  its 
refractory  ])hase  had   no  effect    (Fig.   S).     The  second  and  third   were  also 


Fii;.  s.  (.'lit'.'*  lii'art  )ireiiared  as  desciilii'd.  IJatr  of  s|")ntaiir'iitis  ventricular  Ijeat  107.  Stiimi- 
iatt'<l  ai'titicially  at  the  rate  of  2oO  iirr-  itiiiiiitc  tor  lU  secDiuls.  Then  at  84  per  minute.  The 
limire  gives  tht^  tracing  (i  seconds  after  the  coninieneement  of  tliis  slow  stinuiiatien. 
I'hi>  time  of  each  stimulus  is  indicated  hy  a  line  drawn  across  the  tracing.  The  contractions 
marked  a  are  due  to  these  artiticial  stinuili.  while  those  marked  .s  are  spontaneous.  Some 
doulit  n\ay  be  entertained  as  to  whether  the  first  contraction  marked  .•;  is  really  si)ontaneons, 
and  also  in  regard  to  tlie  large  eontra<-tions  niai'ked  a  after  the  extras\'stf>les. 


Fig.  !•.  r)evelo|iment  of  spontaneous  iliNthni  iluiiiig  artilicial  stinndation.  Original  rhytlun 
HO  per  minute.  .Artificial  sliocks  1!I0  per  minute  for  1")  seconds.  Then  shocks  at  r/.i  per 
minute  continued.  Xo  spontaneous  contraction  for  !.">  seconds.  One  contact  failed  just 
as  Fig.  9  began.  The  spontaneous  conti'aetions  arc  marked  '  S."  Time  in  seconds. 
Lowe.st  line  indicates  the  lalc  of  sunmlalion. 
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correspondingly  premature  and  similarly  the  eleetric  shock  was  fruitless. 
As  the  interval  between  the  spontaneous  beat  and  the  shock  increased, 
however,  the  latter  fell  later  in  the  contraction  phase  and  finally  reached 
the  ventricle  during  the  reactive  ])hase  and  caused  an  extrasystole.  The 
procediu'e  then  repeated  itself,  the  sjiontaneous  rhythm  being  interrupted 
every  third,  fourth  or  fifth  beat  liy  an  extrasystole  arising  from  the  electrical 
stimulus. 

Occasionally,  as  in  Fig.  0,  a  more  or  less  regular  alternation  of  sponta- 
neous and  artificial  beats  was  met  before  the  sjjontaneous  rhythm  gained  the 
upper  hand. 

These  experiments  indicate  that  the  spontaneous  rhythm  may  be 
retarded  but  is  not  entirely  suppressed  by  a  series  of  artificial  stimuli,  provided 
that  these  are  given  at  a  slower  rhythm  than  the  spontaneous  ventricular 
rate  ;  during  the  continuance  of  the  slow  artificial  rhythm,  the  spontaneous 
energy  may  accumulate  until  it  gives  rise  to  a  contraction.  The  last  men- 
tioned experiment.  Fig.  !•,  is  of  esjiecial  interest,  because  here  the  spontaneous 
rhythm  arose  and  continued  during  the  artificial,  so  that  the  ventricle  was 
subjected  to  two  sets  of  imjiulses  simultaneously,  one  the  artificial,  the  other 
spontaneous.  And  in  part  of  the  tracing  the  spontaneous  contractions 
alternate  with  those  arising  from  the  artificial  shock.  Here  the  spontaneous 
contraction  begins  before  the  regular  shock  is  given,  and  the  latter  falling 
during  the  refractory  phase  of  the  spontaneous  cycle  fails  of  effect.  There 
is  then  a  pau.se  until  the  next  artificial  shock  arrives  when  a  new  contraction 
occurs  to  be  followed  again  by  a  spontaneous  contraction.  The  pulse  period 
of  the  beat  aroused  by  the  shock  was  considerably  shorter  than  that  of  the 
spontaneous  contraction  ;  in  other  words  the  spontaneous  contraction  was 
followed  by  a  pause  during  which  a  second  spontaneous  beat  might  have 
occurred  without  interference  from  the  electric  shock. 

If  the  impulses  from  without  reached  the  ventricle  from  the  auricle 
instead  of  the  electric  coil,  the  same  form  of  tracing  would  have  been  obtained, 
but  the  beats  «hich  I  have  called  spontaneous  would  then  have  been  ven- 
tricular extrasystoles,  and  the  first  six  contractions  would  have  been  pulsus 
bigeminus.  The  similarity  is  so  marked  that  there  was  a  temptation  to 
suggest  that  the  clinical  bigeminal  pulse  arises  from  the  development  of  a 
ventricular  rhythm  along  with  the  normal  rhythm  of  the  heart  ;  the  ventri- 
cular extrasystoles  would  then  arise  from  the  rhythmical  formation  of  an 
impulse  in  the  ventricle,  independently  of  the  impulse  developed  in  the 
pacemaker  of  the  heart.  This  explanation  of  the  bigeminus  is  surrounded 
with  difficulties,  however,  and  until  these  have  been  considered,  it  would  be 
premature  to  abandon  the  view  that  the  extrasystole  of  the  bigeminus  pulse 
is  in  some  way  the  result  of  the  previous  contraction.  This  view  is  in  fact 
supported  by  the  further  course  of  this  experiment,  for  when  the  artificial 
shocks  were  stopped  a  distinct  pause  occurred,  lasting  longer  than  the  interval 
between  the  spontaneous  contractions  previously,  which  suggests  that  these 
were  in  some  way  dependent  on  the  artificial  rhythm. 
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Occasionally  in  ventricles  which  were  perfectly  regular  before  and 
during  the  stimulation,  the  first  or  second  contraction  during  recovery  was 
followed  by  a  very  rapid  secondary  contraction  (or  extrasystole)  (Fig.  10), 
or  each  of  the  first  few  beats  was  succeeded  by  this  secondary  movement. 
As  the  rhythm  accelerated  to  its  normal  rate,  however,  these  disappeared. 
Here,  I  suppose,  rhythm  had  developed  at  two  different  points  in  the  ventricle 
during  the  pause  and  a  stimulus  was  formed  at  each,  one  giving  rise  to  the 


Fif;.    10.      t'at  s  lu-ait.      ,S|iiiiitMiii'iiiis  \intnriilar  r.itr  \\  a.s  rcyiilar.      .At  a  a  socoiularv  r-ontraption 
(extrasystnl'')  after  tlic  tirst  ^iMintaiicous  Imal  fit"  ri>c()\oi-\-. 


Fig.  II.  C'at's  ventricle.  S|Mmtaneiius  extrasystole  (.r)  fdlloweil  liy  |)o\vertul  eontraetioii 
without  any  jiroloiigatioii  i»f  the  iutcrvetiiiig  pause.  The  next  t\\()  eontraetions  are  also 
nmisiially  pow  I'l'fnl. 


Fig.    12.     Cat's  ventricle.     Two  extrasystoles  from  electric  .shocks.     Each  leads   to  ii  distinct 
strengthening  of  the  following  two  .systoles. 


large  beat,  the  second  to  the  extrasystole.  The  process  may  be  repeated 
if  the  dominant  point  only  slowly  recovers  from  its  fatigue,  but  as  soon  as  it 
reaches  a  fair  rate  its  activity  has  the  same  repressing  effect  on  the  other 
rhythmogenic  points  as  the  rapid  artificial  stimuli  exercised  upon  itself 
previously.  In  some  stimulations  the  ventricle  passed  into  fibrillation, 
and  recovery  from  this  was  followed  by  a  very  long  pause  before  the 
spontaneous  rhythm  set  in. 
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As  regards  the  contraetion  power  of  the  heart  in  these  experiments,  the 
stimulation  very  often  gave  rise  to  tlie  stairease  ))henomen()n.  The  first 
spontaneous  eontraction  afterwai'ds  was  alsn  powerful,  sometimes  larger 
than  those  during  the  ra|)i(l  riiythni.  sonietinies  of  ecpial  size.  The  following 
contraetions  hecaiiie  smaller  as  the  si)onlaMeous  rhythm  w  as  further  develo))ed 
and  the  interval  between  tiie  heats  hecame  shorter.  In  the  state  of  the 
heart  which  exhibited  the  long  ])auses  after  acceleration,  which  1  have 
interjjreted  as  fatigue  of  the  rhythmicity,  the  contractility  was  not  only  not 
fatigued  but  actually  increased,  as  was  shown  by  the  staircase  phenomenon. 
After  an  cxtrasystole  the  large  '"  ])ost-compensatory  "  eontraction  is  well 
known  and  has  generally  been  regarded  as  the  result  of  the  preceding 
"  compensatory ''  pause.  Rihl"  however  j^oints  out  that  it  may  occur 
without  a  coinjiensatory  jiause.  for  exam])le.  after  an  inter])olated  beat  in 
which  the  i>ulse  interval  is  actually  much  shortened.  I  have  occasionally 
seen  this  also,  and  in  one  case  not  only  the  first  beat  after  the  interpolated 
extrasystole  ^^  as  higher  than  normal,  but  the  two  following  ones  (Fig.  1 1  and 
12).  The  extrasystole  was  in  fact  the  first  of  a  staircase,  the  next  was  its 
apex,  and  in  the  following  beats  there  was  a  slow  return  to  the  normal 
contractility.  It  may  be  ((uestioned,  however,  whether  this  strengthening 
effect  of  an  extrasystole  plays  a  part  in  more  normal  hearts,  in  which  the 
staircase  phenomenon  is  less  easily  elicited.  And  in  these  the  power  of  the 
post-compensatory  contraction  probably  owes  more  to  the  length  of  the 
preceding  ]>ause  than  to  the  directly  favourable  effect  of  the  extrasystole. 
On  the  other  hand  there  can  be  no  question  after  Rihl's  work  that  in  certain 
hypotonic  conditions  of  the  heart  an  extrasystole  in  itself  increases  the  power 
of  the  succeeding  spontaneous  contraction.  It  may  be  recalled  that  Rihl's 
observations  were  made  on  hearts  which  were  cooled  in  order  to  slow  the 
rhythm  and  this  renders  the  contraction  abnormal  and  favours  the  appearance 
of  the  staircase  j)henomenon.  This  sujjports  the  view  stated  above  that  the 
strengthening  effect  of  an  extras_ystole  on  the  following  contraction  is  of  the 
same  nature  as  the  staircase  ])henomenon. 

In  auricular  fibrillation  both  in  man  and  animals,  one  of  the  characteristic 
changes  in  the  pulse  is  the  variation  in  the  strength  of  the  beat,  which  often 
bears  no  relation  to  the  length  of  the  jireceding  interval.  This  may  perhaps 
arise  from  an  abnormal  contractility  comparable  to  that  seen  in  the  animal 
heart  when  exposed  to  cold  and  the  other  disadvantageous  conditions 
mentioned  already.  For  while  in  these  experiments  the  heart  is  beating 
at  a  normal  late  and  any  prolongation  of  the  rest  phase  is  followed  by  a 
contraction  of  unusual  strength,  a  sudden  acceleration  may  also  increase 
the  strength  of  the  following  contractions  which  assume  the  well-known 
staircase  form.  In  Fig.  3  for  example  the  third  artificial  stimulus  leads  to  a 
very  powerful  systole  although  the  rest  phase  preceding  it  is  very  much 
shorter  than  that  preceding  any  of  the  sj)ontaneous  beats.  Yet  in  the  same 
figure  tlie  first  spontaneous  contraction  after  the  artificial  stimulation  is 
still  more  po\\  erful,  though  the  pause  preceding  it  is  very  much  longer  than 
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tliat  of  the  s)iontaneous  contractions  and  of  the  contractions  during  stimula- 
tion. Ill  tliis  condition  of  tlie  heart  the  prolongation  of  the  pause  of  rest 
strengthens  the  contraction,  hut  acceleration  and  corresponding  shortening 
of  the  rest  phase  also  increases  the  ]io\ver  of  the  systole.  The  variation  in  the 
strength  of  the  heats  in  auricular  hhrillation  may  be  due  to  a  similar  mixture 
of  factors,  the  one  strengthening  the  contraction  according  to  the  length 
of  the  preceding  rest  phase,  the  other  strengthening  it  in  spite  of  the  shortened 
rest  phase  through  the  factor  which  lies  at  the  base  of  the  staircase 
))henomenon. 

It  is  worthy  of  note  that  the  staii'case  jihenomenon  may  be  ]>resented 
by  hearts  which  exhibit  alternation  of  contractions  at  the  same  time  (see 
Fig.   3). 

In  three  ex])eriments  the  effects  of  helleborein  were  tested  on  the  fatigue 
of  tlie  spontaneous  rhythm.  The  contractions  were  increased  in  strength, 
and  after  the  drug  had  acted  for  some  time  the  rate  was  considerably  acceler- 
ated. But  even  before  this  second  effect  was  developed,  helleborein  had  a 
distinct  action  in  lessening  the  fatigue  from  artificial  stimulation.  The 
pause  after  the  acceleration  became  shorter  and  disappeared  completely 
in  two  experiments  before  the  intrinsic  rhythm  was  noticeably  quickened. 
There  seems  therefore  reason  to  su])pose  that  the  members  of  the  digitalis 
series  would  lessen  the  tendency  to  the  Stokes-Adam  syndrome  in  complete 
block,  as  indeed  has  been  shown  by  Bachman.' 

Summary. 

In  these  experiments  the  mammalian  heart  was  perfused,  the  auriculo- 
ventricular  bundle  divided,  and  the  behaviour  of  the  ventricle  examined 
during  spontaneous  rhythm  and  under  electrical  stimulation. 

Acceleration  of  the  rhythm,  spontaneous  or  artificial,  is  followed  by  a 
period  of  slow  contractions  with  pauses,  which  gradually  give  place  to  the 
usual  idio-ventricular  rhythm. 

This  slow  ])hase  is  not  inhibitory  in  origin,  and  the  contractility  and 
excitabihty  of  the  ventricle  are  not  diminished.  The  iihenomenon  is  due 
to  a  depression  of  the  function  of  stimulus  formation  in  the  ventricular 
pacemaker  which  presents  analogy  to  the  fatigue  of  striated  muscle.  The 
extent  of  this  de])ression  depends  on  the  rate  and  duration  of  the  previous 
acceleration. 

It  is  suggested  that  in  the  intact  heart  the  \-cntricular  pacemaker  is 
kept  in  a  state  of  fatigue  by  the  impulses  reaching  it  from  the  Keith-Flack 
node,  and  that  when  these  are  excluded  from  it  by  section  of  His'  bundle, 
the  slow  development  of  the  idio-ventricular  rhythm  is  due  to  the  ventricle 
recovering  only  gradually  from  this  fatigue.  And  that  in  cases  of  complete 
block  in  man  the  ])hases  of  extreme  slowing  arise  from  previous  acceleration 
having  exhausted  the  ventricular  pacemaker  in  a  ventricle  already  reduced 
bv  disordered  nutrition. 
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The  conductivity  of  the  heart  is  also  susceptible  to  fatigue  and  is  normally 
in  a  condition  of  submaxinial  activity.  The  contractility  and  excitability  by 
electric  shocks  are  not  diminished  by  j>rolonged  and  excessive  activity. 

The  partial  fatigue  of  the  functions  of  stimulus  formation  and  conductivity 
does  not  i^reclude  altogether  the  performance  of  these  functions,  but  retards 
them.  Fatigue  of  the  rhythmicity  slowly  disajipears  even  during  the  activity 
of  the  ventricle  provided  this  activity  is  limited  in  extent.  On  the  other 
hand  artificial  acceleration  repeated  several  times  progressively  augments 
tlie  fatigue  of  the  ventricular  pacemaker. 

The  state  of  the  ventricular  nutrition  which  favours  the  fatigue  of  the 
rhythmicity  also  leads  to  an  increased  pause  after  a  single  premature  con- 
traction. It  does  not  appear  to  be  identical  with  the  hypotonic  condition 
in  which  pulsus  alternans  occurs.  The  same  fundamental  change  in  the 
nutrition  may  he  at  the  basis  of  the  staircase  phenomenon. 

The  ex])enses  of  this  investigation  were  defrayed  by  a  grant  from  the 
British  Medical  Association. 

XoTE  — Wliile  this  paper  was  passing  through  the  press,  Hering  discussed  (Pfhiger's  Archiv. 
f.  d  ges.  Ph\K  lull.  cxLiii,  370)  the  considerable  amount  of  evidence  already  published  that  the 
spontaneous  stimulus  formation  is  indej^endent  of  tlie  excitability  of  the  heart  muscle  and 
concluded  as  1  have  done,  that  these  two  functions  may  vary  independently.  He  further 
raised  the  cjuestion  whether  the  electrical  excitability  can  in  all  cases  be  regarded  as  a  measure 
of  the  natural  excitability  of  the  heart  muscle. 
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OBSERVATIONS  UPON  DISORDERS  OF  THE  HEART'S  ACTION. 

By  THOMAS  LEWIS.* 

(C(ir(Iingr<i])hir     Deparfmeiit,     VnirersiUi    Collegp    Hofipital   Medical   School.) 

During  the  course  of  a  systematic  investigation  of  the  heart  by  means 
of  graphic  methods,  I  have  made  a  number  of  observations  which  are  not 
immediately  connected  with  each  other.  It  is  my  desire,  at  the  present  time, 
to  place  certain  of  these  observations  u])nn  record,  and  I  shall  proceed  to  do 
so,  under  distinct  headings. 

P.\RT  I.     A  Serie.s  of  Clinical  C.\se.s. 

Section    1.     An  ohserimtion  upon  ectopic  impulse  formation. 

For  the  past  eighteen  months,  a  lad  of  eighteen  years  has  been  repeatedly 
examined  by  means  of  the  electrocardiogra])hic  method,  because  he  presented 
at  the  first  examination,  and  has  continued  to  show,  a  hitherto  undescribed 
disorder  of  the  heart's  mechanism.  He  is  an  engineer's  labourer  and  has 
always  enjoyed  excellent  health,  having  suffered  from  no  infectious  disease 
and  having  been  perfectly  free  from  all  symptoms  of  heart  affection.  The 
irregularity  of  his  heart's  action  was  discovered  during  a  routine  examination 
by  Dr.  Marris,  to  whom  he  went  for  the  treatment  of  a  bilious  attack  w  Inch 
resulted  from  a  dietetic  indiscretion.  The  dimensions  of  the  heart  are 
hardly  abnormal.  The  percussion  limits  lie  1  and  4  inches  to  the  right  and 
left  of  the  mid-sternal  line  respectively.  The  sounds  are  natural.  The 
irregularity  has  been  present  constantly  from  the  time  when  it  was  first 
observed  until  the  present  day,  and  its  nature,  in  so  far  as  I  shall  consider  it 
at  the  present  time,  has  been  unchanging.  It  consists  of  disturbances  of  the 
sec[uence  which  result  from  the  frequent  occurrence  of  p)remature  contractions, 
and  these  early  contractions  arise,  as  shown  by  repeated  examination,  from  a 
fixed  and  ectopic  auricular  focus.  An  example  of  the  irregularity  is  shown 
in  Fig.  S  (an  electrocardiogram  from  lead  //).  The  ventricular  complexes 
of  rhythmic  and  premature  heart  beats  have  a  constant  and  normal  form, 
the  auricular  complex  of  the  jiremature  beat  is  inverted.  The  electro- 
cardiogram shown  in  this  figure  is  not  exceptional,  it  is  an  example  of  the 

*  Working  under  the  tenure  of  a  Beit  Memorial  Fellowshi[).     Exjienses  have  been  partially 
defrayed  by  a  grant  froni  (lie  Briti-sh  Medical  Association. 
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pictures,  now  well-known,  which  are  found  when  premature  auricular 
contractions  are  present.  The  new  fact  is  illustrated  in  the  next  figure 
(Fijj;.  il).  in  which  electrocardiograms,  taken  separately  from  leads  /,  //  and 
III,  are  shown.  The  j)icture  from  lead  //  of  this  figure  may  be  compared 
with  Fig.  I.  A  ]>remature  heat  of  the  usual  form  is  seen  towards  the  end 
of  the  curve  (Fig.  !)  //).  but  in  contrast  to  Fig.  1,  the  beat  which  follows  it  is 
abnormal.*  It  springs  from  the  same  focus  as  does  the  premature  beat, 
a  fact  which  is  evidenced  by  the  similarity  of  the  electric  changes.  Precisely 
the  same  phenomenon  is  seen  in  the  two  other  leads  (leads  /  and  ///)  of  the 
same  figure.  In  lead  /  the  auricular  rej^resentative  is  almost  iso-electric. 
both  in  tlie  premature  beat  and  in  that  which  follows  it.  In  lead  ///  it  is 
inverted  in  both  beats. 

What  is  the  nature  of  the  second  al)normal  Ijcat  ?  Is  it  of  precisely 
the  same  nature  as  the  jJremature  beat  w  Inch  it  follows  ;  or  is  it  comparable 
to  the  beats  of  the  normal  type  '.  The  answers  to  these  questions  are  perhaps 
uncertain,  but  the  evidence  is  chiefly  in  favour  of  the  second  view.  That  it 
belongs  to  the  same  order  of  pathological  or  heterogenetic  contractions,  as  I 
have  termed  them,  to  which  premature  l)eats  belong,  is  improbable.  When 
a  pair  of  premature  beats  occur,  they  follow  each  other  closely,  and  I  have 
curves  from  the  same  patient  in  w  hich  there  is  but  a  very  short  gap  between 
the  separate  beats  of  such  a  couple.  In  the  ])resent  figures,  the  pause 
between  them  is  always  long.  On  no  occasion  have  pauses  of  intermediate 
length  been  seen  :  the  pause  is  generally  equal  to  or  falls  only  slightly  short 
of  that  wliich  follows  an  isolated  abnormal  contraction,  and  is  usually 
larger  than  the  jiauses  separating  beats  of  the  regular  rhythm  in  the  same 
]iatient.t  It  is  consequently  ])robable  that  the  second  abnormal 
contraction  has  arisen  by  processes  similar  to  those  which  create  the 
normal  beats  ;    processes  which  are  physiological  or  homogenetic. 

The  occasional  slight  ])rematurity  of  the  second  ectopic  beat,  and  its 
site  of  origin,  maybe  e.\])lained  by  sup|)osing  that  the  discharge  of  the  first 
or  true  premature  beat  hastens  jjhysiological  imi)ulse  formation  at  the  focus 
in  which  it  arises,  and  that  the  new  focus,  stimulated  in  the  maimer 
suggested,  ^\ins  in  its  race  with  the  jiacemaker  to  produce  the  next  physio- 
logical impulse.  iSuch  a  view  is  sup])orted  by  other  observations.  On 
several  occasions  I  have  observed  that  if  the  auricle  of  an  animal  is 
stimulated  by  means  of  an  interrujited  current  so  that  a  regular  tachycardia, 
or  succession  of  responses,  is  jiroduced  at  a  faster  rate  than  that  of  the 
normal  rhythm,  the  first  beat  of  the  escaping  auricle,  when  stimulation 
ceases,  comes,  not  from  the  ]iacemaker,  but  from  the  point  originally 
stimulated. 


*  The  oecLirrencp  of  the  abnonnal  beat   h-is  been  as  eoininiin  as  tliat  of  the  normal  beat, 
and  both  have  been  extremely  frequent. 

t  The  analysis  is  eoniplieateil   l>y   the  oreurrenre  of  the  slow  but  aecelerating  heart   rate 
whieh  suceeeils  eai'h   interruption. 
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Section  2.  An  iushince  of  premature  auricular  contractions,  followed  by 
pauses  considerably  shorter  than  those  separating  the  regular  heart-beats 
in  the  same  case. 

A  man  of  (U  years,  who  gave  a  history  of  rheuinatie  fever  at  the  age  of 
24,  and  who  has  physical  signs  of  extensive  fibroid  change  in  the  k'ft  king, 
was  sent  to  me  because  he  liad  an  irregular  heart  action. 

Apart  from  the  irregularity,  there  were  but  few  physical  signs.  The 
limits  of  the  heart's  dulness  were  normal,  and  there  were  no  symptoms  w  hich 
could  be  directly  referred  to  the  heart.  A  systolic  murmur  at  the  apex  was 
alone  detected. 

Several  strips  of  curve,  taken  from  the  radial  artery,  are  shown  in  Fig.  1. 
Premature  beats  occur  from  time  to  time  in  the  curves.  In  no  instance  is 
the  pause  following  a  prematm-e  beat  compensatory  ;  in  most  instances  it 
not  only  fails  to  be  compensatory,  but  it  is  considerably  shorter  than  the 
l)ause  separating  the  beats  of  the  regular  rhythm,  which  comes  before  and 
after  the  disturbance. 


Jvfv^v^v.)V^vJ^^Jv^v/v^ 


l''iy.  I.  Kaduil  |iiilsc  curve.s  frniii  a  |iiitiriit  wlm  slmwril  |irriiialure  anriiiilar  coiitrai  t  ions. 
'J'lic  pause  tDIlow  iri^  a  preinaliirn  heal  is  iisiia!l\"  i-oiisiflprai»l\'  slmrtcr  tlian  tlic  pausosopafatinj:; 
rliytliiiiii-'  beats.    Tlio  time  marker  is  in  one  lildi  sceoiids  in  this  ami  all  |)olygra|)hii-  iMir\es. 

Tlie  corresponding  electrocardiograms,  taken  at  the  same  time,  are 
shown  in  Fig.  10(f  and  b.  .Satisfactory  curves  were  obtained  from  lead  // 
only  ;  those  from  leads  /  and  ///  being  too  tremulous  to  be  of  value.  Alto- 
gether, three  jirematurc  beats  are  seen.  All  arise  in  the  auricle  ;  and, 
judging  from  this  lead  alone,  they  arise  in  close  proximity  to  the  pacemaker, 
for  the  auricular  coni]i]exes.  corresponding  to  rhythmic  and  premature  beats, 
seem  identiial  in  outline.  One  of  the  premature  beats  is  followed  by  a  long 
pause,  but  the  two  remaining  ones  are  succeeded  by  pauses,  which  are 
shorter  than  tlie  pauses  separating  riiytlimic  Ijcats. 
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It  is  known  that  electrical  excitation  of  the  auricle,  in  the  neighbourhood 
of  the  great  veins,  produces  premature  beats  which  are  followed  by  short 
pauses  ;  but  pauses  which  are  shorter  than  those  separating  rhythmic  beats 
have  not  been  seen  j^reviously.  Presumably  they  are  due  to  the  ])resence 
of  a  somewhat  rare  phenomenon,  namely,  stimulation  of  physiological 
impulse  formation  at  the  point  at  which  they  arise,  so  that  the  succeeding 
physiological  imjiulse  is  formed  more  rapidly  than  usual. 


Section  3.  In  a  patient  who  presented  a  paroxysm  of  regular  tachycardia, 
auricvlar  fibrillation  developed,  and  quick  changes  from,  one  condition  to 
the  other  were  recorded.  The  same  patient  demonstrated  a  regular  and 
c.rccptionally  rapid  action  of  the  ventricle  irhile  the  auricle  continued  to 
fihrillate.     Curves  were  obtained  within  24  hours  of  death. 

The  patient,  an  unmarried  girl  of  17  years,  was  admitted  to  University 
College  Hospital  on  November  the  Hth,  1911,  and  presented  evident  symptoms 
and  signs  of  heart  failure. 

Her  heart  was  said  to  have  been  affected  for  7  years  ;  at  the  age  of  10 
she  lay  in  a  bed  at  Gt.  Ormond  Street  Hospital,  suffering  from  swelling  and 
pain  of  the  joints.  Her  sym23toms,  shortness  of  breath,  palpitation,  weakness, 
cough  and  sleeplessness  had  been  conspicuous  for  11  weeks  prior  to  her 
admission. 

Cyanosis,  orthopnoea  and  a  slight  degree  of  conjunctival  jaundice  were 
noted  at  her  entrance  into  hospital.  Ascites,  some  cedema  of  the  legs, 
fullness  of  the  veins  and  enlargement  of  the  liver  were  j)resent.  Crepitations 
were  audible  at  the  bases  of  both  lungs. 

The  heart's  impulse  was  visible  in  the  third  to  sixth  interspaces  ;  the 
limits  of  dulness  lay  1  and  6  inches  to  right  and  left  of  the  mid-sternal  line 
as  she  lay  in  bed.  Systolic  and  diastolic  thrills  were  present  at  the  apex, 
and  at  the  same  point  corresponding  murmurs,  the  last  of  a  grinding  character, 
were  audible.  The  first  sound  was  accentuated,  and  seemed  to  fill  the  whole 
of  diastole  ;  the  ventricular  rate  was  168  per  minute,  the  heart's  action  being 
perfectly  regular. 

The  patient  was  placed  upon  digitalis  on  the  (tth  ;  it  was  administered 
in  doses  ecjuivalent  to  a  drachm  and  a  half  of  the  tincture  a  day.  On  the 
10th  this  dose  was  reduced  to  an  equivalent  of  40  minims  a  day  and  this  was 
continued  until  the  17th.  She  vomited  on  the  last  two  days  of  its 
administration. 

I  saw  her  on  the  12th,  when  her  pulse  was  stated  to  have  first 
become  irregular.  When  examined,  a  regular  tachycardia  was  found, 
wliich  was  uninfluenced  by  posture  and  the  rate  of  \\hich  was  153  to  155, 
but  in  a  few  minutes  the  heart  Ijecame  irregular  for  a  brief  period,  returning 
to  its  former  state.     This  was  repeated  very  many  times  and  the  action 
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of  the  heart  is  illustrated  by  Fig.  2  and  3.  In  Fig.  2  a  period  of  regular 
tachycardia,  accoinj)anied  by  the  ventricular  form  oi  venous  pulse,  passes 
into  an  irregular  period  also  accompanied  by  the  ventricular  form  of  venous 
pulse.     In  Fig.  3,  a  short  irregular  period  is  interposed  between  two  regular 
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periods.  The  change  from  one  action  to  the  other  continued  at  short 
intervals  for  an  hour,  and  there  is  little  reason  to  doubt  from  these  curves 
and  subsequent  observations  that  the  changes  were  from  regular  paroxysms 
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arising  in  the  auricle  to  auricular  fibrillation.  Directly  after  the  ])olygraj)hic 
curves  had  been  secured,  the  patient  was  examined  electrocardiograj)hicaIly, 
but  by  this  time  a  regular  paroxysm  had  become  continuous.  The  curves  are 
shown  in  Fig.  11.  The  heart  rate  is  156  per  minute.  In  lead  /,  R  is  small,  <S' 
is  large.  In  lead  ///,  R  is  exaggerated  ;  these  are  signs  which  are  found 
almost  constantly  when  the  right  ventricle  is  hy])crtrophied  and  mitral 
stenosis  is  jiresent.  The  auricular  representative  is  seen  in  each  lead,  and  it 
ai>pears  to  fall  a  little  before  the  termination  of  the  preceding  systole  of  the 
ventricle  :  it  is  not  of  the  form  which  usually  accompanies  mitral  stenosis, 
and  arguing  from  this  fact  and  from  the  general  character  of  the  paroxysm, 
I  am  led  to  the  conclusion  that  the  paroxysm  was  of  ectopic  auricular  origin. 
On  the  17th  the  pulse  became  slow,  regular  and  jjalpably  dicrotic.  A 
mid-diastolic  murmur  was  present  ;  the  ventricular  form  of  venous  jjulse 
was  maintained.  The  condition  of  the  patient  had  improved  remarkably  ; 
the  cyanosis,  dropsy  and  orthopnoea  had  vanished,  engorgement  was  less, 
the  liver  was  barely  palpable  ;  a  little  ascites  remained.  Improvement 
continued,  the  pulse  remaining  regular  at  a  rate  of  80  beats  ])er  minute. 
On  the  18th  the  digitalis  was  continued  in  small  doses  :  !•  minims  a  day  were 
given  until  the  end.  On  the  18th  and  until  the  i.'Jrd  the  pulse  was  regular, 
the  rate  varying  between  80  and  90.  Electrocardiographic  curves  taken 
on  the  22nd  showed  a  perfectly  regular  ventricular  action  at  a  rate  of  90 
per  minute.  They  are  shown  in  Fig.  12.  The  ventricular  complexes  are  of 
similar  general  form  to  those  of  Fig.  11,  though  the  excursions  of  the  string 
have  decreased  and  T  is  no  longer  comjjletely  inverted  in  leads  //  and  ///. 
There  is  no  sign  of  co-ordinate  auricular  contraction,  but  P  is  replaced  by  the 
characteristic  oscillations  of  a  fibrillating  auricle.  That  the  oscillations 
arose  in  the  auricle  is  evident  from  the  special  leads  taken  to  demonstrate 
it.  Fig.  13  shows  three  of  these  leads  ;  electrodes  were  i)laced  over  the  right 
auricle  (/),  the  lead  showed  conspicuous  oscillations  ;  leads  were  taken  from 
the  outer  end  of  the  third  left  interspace  to  the  apex  (//),  and  from  the 
epigastrium  to  the  apex  (///) ;  in  these  two  leads  only  very  faint  traces 
of  oscillations  were  detected  from  time  to  time.  On  the  22nd,  therefore,  the 
auricles  of  this  patient  were  fibrillating  while  the  ventricles  maintained  their 
regularity  at  a  rate  of  90  beats  per  minute.  Now  when  auricular  fibrillation 
is  accom])anied  by  a  regular  ventricular  action  it  is  assumed  that  no  impulses 
reach  the  ventricle  from  the  auricle.  The  ventricle  is  considered  to  respond 
to  impulses  formed  in  the  junctional  tissues,  the  intrinsic  ventricular  pace- 
maker. Such  is  the  assumption  in  the  present  case,  though  the  ventricular 
rate  of  90  must  be  considered  quite  exceptional  ;  the  ventricular  rhythm 
was  quite  uninfluenced  by  posture  and  deep  respiration.  A  similar  instance, 
in  which  the  rate  of  the  ventricle  was  70,  has  been  spoken  of  by  Mackenzie,'" 
a  case  which  I  examined  electroc'ardiographicaliv.  The  findings  were  the 
same  as  those  stated  for  the  ])resent  ])aticnt.  with  tlic  excei)tion  that  the 
venti'icular  rate  ^\as  slower.  It  should  be  remembered  that  complete 
dissociation    has    been    seen    in    an    adult    in    whom    the    auricles    beat    at 
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138  and  the  ventricles  at  66  per  minute. i'^  While  the  intrinsic  ventricular 
rhytlini  is  usually  30  or  thereabouts,  it  may  be  much  faster  in  these  excep- 
tional cases  :  it  is  especially  fast  when  heart-block  has  been  induced  by 
the  administration  of  digitalis.  The  complete  obstruction  of  auricular 
imj)ulses.  which  has  to  be  assumed  in  the  present  case,  is  attributed  to  the 
digitalis  ;  the  patient  was  under  its  full  influence  when  the  regular  pidse 
appeared.  Tlie  block  continued  until  the  23rd,  at  which  time  the  ])atient 
was  on  9  minims  a  day  on  digitalis  tincture  and  had  not  taken  the  heavier 
doses  for  five  days. 

On  the  24th  the  jtulse  was  grossly  iri'egular  and  electrocardiograms  gave 
the  characteristic  ])ictures  of  auricular  fibrillation  (Fig.  14),  the  ventricle 
responding  to  the  fibrillation  imjiulses.  The  ventricular  rate  was  approxi- 
mately 84  ])er  minute.  A  number  of  the  ventricular  beats  were  premature 
(marked  with  an  asterisk  in  Fig.  14)  and  of  ventricular  origin  ;  the  remainder 
showed  conspicuous  variation  in  the  amplitude  of  i?  :  T  w  as  inverted  in 
leads  //  and  ///.  During  the  evening  of  the  same  day  the  patient  was 
comfortable  and  seemed  to  continue  her  imiirovement.  She  slept  well 
during  the  following  niglit  and  was  sleeping,  though  a  little  restless,  a  cpiarter 
of  an  hour  before  death  occurred.  At  this  time  the  pulse  was  still  irregidar, 
as  on  the  preceding  day.  Apparently  she  died  in  her  sleep.  The  patient 
in  the  next  bed  called  the  nurse,  saying  that  her  neighbour  looked  pale 
and  that  her  head  was  back.     The  girl  was  dead. 

The  case  may  be  summarised  in  the  statements  that  in  a  case  of  mitral 
stenosis  admitted  for  heart  failure,  regular  paroxysms  of  tachycardia  arising 
in  the  auricle  alternated  with  periods  of  fil)rillation,  while  the  patient  was 
unde:  digitalis  ;  that  subsequently,  wliile  the  auricles  remained  in  a  stat(>  of 
fibrillation,  the  ventricles  beat  regularly  at  '.10  per  minute  ;  that  the  regular 
action  of  the  ventricle  gave  ]ilace  to  an  iiregular  action,  in  which  R  showed 
consj)icuous  variation  in  height,  in  which  T  was  inverted  in  leads  //  and  HI, 
and  in  which  j^remature  ventricular  beats  were  scattered  ;  the  patient  died 
unexpectedly  while  the  heart  continued  to  beat  in  this  manner.* 

Section  4.     .1//  accoioif  of  u  patient  who  came  under  observation   with  a  heart 

rate  oj   150.      The  aurielca  ircre  found  to  be  beating  at  300  per  minute. 

Upon   digitalis  the  auriele  passed  into  fibrillation   and  dubsequcntli/  the 

normal  heart  rhi/thm  was  resumed.     A  further  and  brief  account  of  three 

similar  cases. 

W.  G.,  a  French  polisher,  60  year.s  of  age,  was  admitted  to  University 
College  Hospital  on  Novendjer  the  I'Jth,  I'.tll,  complaining  of  shortness  of 
breath,  cough  and  dropsy.      He  gave  a  history  of  having  had  periodic  attacks 

*  1  ii.NtiiiHi-s  (if  inii'\|iiMtt'<i  ilcatli  m  lirmt  dist-asu  art*  rouinmn  and  ot  cxtictiie  iii!|KHtaiirt'. 
Ill  iv  iiuiiiIhm-  iif  |iatii'ii(s,  ii|iiiii  ulioiii  gra|ihic  nhsrr\  ation.s  liave  been  inailc  aiul  who  lia\c  died 
witlioiit  warniiiji,  preinatiire  veiitiieiilar  eontraetiuns.  with  or  witliout  aiirieiilar  librillatiun.  ha\e 
lieen  ]>reseiit.  The  suKycsted  eaiise  of  death  in  sndilen  eesHatioii  of  the  eireulation  as  a  result 
of  the  onset  of  \  entrirular  fibrillation. 


286  Th.    LEMIS. 

of  breathlessness  of  a  distressing  and  exhausting  character  for  three  and  a 
lialf  months.  He  had  a  very  severe  attack  in  October.  Hill,  which  lasted 
three  days.  Previously  his  health  had  been  good  :  at  17  he  was  infected 
with  gonorrhcea  ;  at  23  he  was  laid  up  for  three  weeks  with  a  chest  ailment 
of  which  he  remembers  but  little.  He  had  had  neither  rheumatism  nor 
syphilis.  Of  alcohol  he  had  drunk  tem])erately  :  he  had  been  a  moderate 
smoker. 

Upon  his  admi.ssion  tiie  temperature  was  DS'^  Fahr.,  the  patient  was 
orthopnoeic  and  slightly  cyanosed  ;  there  w  as  a  little  dropsy  in  the  legs  ; 
signs  of  fluid  in  the  abdomen  were  jiresent.  The  diffuse  heart  apex  beat  lay  in 
the  fifth  and  sixth  interspaces.  The  right  limit  of  dulness  was  1|-,  and  the 
left  6  inches,  from  the  mid-sternal  line.  The  sounds  at  the  aortic  cartilage 
were  normal  ;  at  the  pulmonary  cartilage  the  second  sound  was  accentuated  ; 
at  the  ajjex  the  first  sound  was  accentuated.  A  systolic  murmur  was  present 
at  the  apex.  The  pulse  rate  was  150  and  did  not  alter  with  jjosture.  There 
seemed  to  be  no  arterial  thickening  :  the  systolic  blood  pressure  varied  from 
116  to  120  mm.  Hg..  The  liver  was  enlarged.  The  urine  was  normal.  The 
subsequent  events  are  related  in  the  ensuing  paragrajihs. 

On  November  the  25th  he  w  as  placed  upon  the  fresh  infusion  of  digitahs, 
three  drachms  being  given  four  times  a  day. 

On  the  26th  electrocardiograms  were  taken  :  as  subsequent  events 
proved,  they  showed  2  :  1  heart-block,  the  auricular  rate  being  203  per  minute 
(Fig.  15).  From  the  time  of  his  admission  the  pulse  rate  had  continued 
persistently  at  145-150  per  minute,  and  the  presumption  is  that  during 
the  \\hole  of  this  period  2  :  1  block  was  present.  Occasional  premature 
ventricular  contractions  (P.B.)  were  seen  and  disturbed  an  otherwise 
perfectly  regular  heart  action. 

On  the  28th  the  mechanism  remained  unchanged.  The  auricular  rate, 
recorded  electrocardiographically  on  this  day.   was   300  per  minute. 

On  December  the  1st  the  recorded  rate  of  the  auricle  was  2!J!I,  the 
ventricle  beating  at  half  this  rate  and  occasionally  becoming  slower  as  a 
result  of  the  jiresence  of  4  :  1  periods  (Fig.  16). 

On  the  2nd  the  recorded  auricular  rate  was  288  ;  the  ventricle  beat  at  72, 
except  for  short  periods  of  the  2  :  1  ratio. 

On  the  3rd.  4  :  1  block  was  estabhshed,  the  rate  of  the  auricle  being  2il2. 

On  the  4th,  the  4  :  1  block  was  maintained,  the  auricular  rate  being  288, 
(Fig.  17).  The  heart  limits  were  IJ  and  6  inches  on  either  side  of  the  mid- 
line. Systolic  and  faint  early  diastolic  murmurs  were  audible  at  the  ajjex. 
The  auricular  sounds  could  not  be  heard.  Tlie  whole  condition  of  the  patient 
had  improved  consjjicuously  :  there  were  no  symptoms,  the  cyanosis, 
dropsy  and  liver  enlargement  had  disappeared.  Pressure  upon  the  right 
or  left  carotid  sheath,  even  when  light,  produced  an  almost  invariable 
cessation  of  ventricular  action  for  several  seconds  (see  Fig.  4.  5  and  18). 
Cessation  of  the  jjulse  for  six  .seconds  was  accompanied  by  pallor  and  faintness  ; 
though  consciousness  was  never  lost.     During  the  A\hole  of  the  period  of 
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ventricular  systole  the  auricles  continued  their  rapid  action  as  before.  On 
this  day  the  chest  was  screened  but  the  movements  of  the  auricles  were  not 
apparent. 


"^^ 


fi.A.^ 


W-Wrl 


Fig.  4.  A  radial  cur\  e  and  sigiuil  showing  tho  oft'octs  of  light  coiupreasion  of  the  right  vagus.  The 
vagal  <!oni]irpssioii  lasts  for  a  little  more  than  three  seeontls.  Within  a  second  of  its  onset  the 
l>ulse  disappears  and  no  beat  is  rccoi-ded  for  a  period  of  approximately  7  seconds.  Tho  Krst 
radial  beat  following  the  pause  is  weak, and  the  sneeeeding  beats,  whieli  are  regularly  s[)aced, 
show  the  stairease  phenomenon. 


Fig.  o.  Venous  and  radial  cur\es  from  the  same  ease,  showing  the  effect  of  left  \agal  compression. 
During  the  opening  phase  of  the  curve,  4  :  1  heart-block  is  present.  The  venous  cur\e 
during  this  period  consists  entirely  of  a  waves,  though  it  has  a  superficial  resemblance  to  a 
normal  \'enoiis  ciu've,  withf/,c  and  v  wa\'es  oci-urring  as  accompaniments  of  each  \'entricular 
heart  cycle.  When  vagal  compression  produces  a  higher  grade  of  heart-block,  the  separate 
a  waves  become  perfectly  distinct. 


On  December  the  lltli  the  pulse  rate  suddenly  fell  from  72  to  44  and 
the  action  of  the  heart  became  grossly  irregular.  Electrocardiograms 
showed  that  fibrillation  had  set  in  (Fig.  20).  The  symptomatology  was 
otherwise  unaltered. 

On  the  12th  the  digitalis  was  stojJiJcd.  On  the  13th,  14th  and  I8tli 
polygra])hic  records  showed  gross  irregularities  of  the  pulse  and  rates  of 
45,  5()  and  53  respectively. 

On  the  20th,  fibrillation  was  still  present,  but  the  ventricular  rate  had 
risen  to  62. 

A  2)eriod  now  intervened  during  which  no  observations  were  made. 
Ui3on  the  4tli  of  January  the  heart  action  was  normal  and  the  rate  of  auricle 
and  ventricle  was  03.  Electrocardiograms  of  the  restored  action,  but  in 
\\hicli  the  rate  is  DO,  are  shown  in  Fig.  21  ;  they  were  taken  on  the  6tli.  On 
both  dates  premature  auricular  contraction  interrupted  the  otherwise 
regular  rhythm. 

The  patient  was  discharged,  much  improved  in  health,  on  January 
the  8th. 

On  the  20th  the  normal  rhythm  was  still  present,  interrui)ted  as  before 
by  single  and  successive  premature  contractions,  some  generated  in  the  auricle, 
others  in  the  ventricle.     Pressure  u})on  the  carotid  sheath  on  this  day  had 
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absolutely  no  effect,  whereas  on  the  previous  occasion,  when  the  ])atient 
was  under  the  influence  of  digitalis,  the  carotid  jiulsation  could  l)e  scarcely 
felt  without   ])rodueing  conspicuous  slowing  of  the  pulse.* 

Description  oj  eleci/yjcdidiogrcniis.  The  figures  which  are  jiuhlished  in 
illustration  of  this  case  may  l>e  described  most  conveniently  without 
reference  to  their  chronological  order. 

Fig.  21  was  taken  after  the  resumption  of  the  normal  riiythm.  The 
])hotogra])h  consists  of  one  strip  of  curve  from  each  lead,  and  eacii  strip 
contains  a  solitary  i^reniature  contraction,  springing  from  the  auricle.  In 
lead  /.  the  auricular  contractions  of  the  normal  cycle  are  represented  by 
two  small  pointed  summits  (marked  .r  .v  in  the  figure).  The  auricular 
contraction  of  the  premature  cycle  is  rejnesented  by  a  single  i^ointed  summit 
(marked  P  below  the  line).  In  leads  //  and  ///.  also,  the  premature  auricular 
summits  differ  in  outline  from  those  of  the  normal  cycle.  Fig.  21  con- 
sequently shows  a  normal  rhythm,  interrupted  by  i)remature  auricular 
contractions  which  arise  in  an  ectopic  focus. 

The  interpretation  of  Fig.  20  is  equally  clear.  Comparing  the  curves 
with  the  series  in  which  normal  cycles  are  present,  it  is  evident  that  co- 
ordinate contraction  of  the  auricle  is  in  abeyance,  for  there  is  no  sign  of  the 
presystohc  P  summits  of  Fig.  21.  On  the  other  hand,  the  ventricular  action 
is  slow  and  extremely  irregular  ;  jnominent  oscillations  characteristic  of  a 
fibrillating  auricle  are  present. 

Fig.  17  shows  the  curves  obtained  from  the  three  leads  while  the  heart 
was  Ideating  regularly,  and  while  4  :  1  heart-block  was  jiresent.  The  outlines 
of  all  the  auricular  waves  may  be  clearly  distingtiished  in  leads  //  and  ///. 
In  lead  /.  the  outline  of  two  P  summits  are  easily  recognised  in  each  pause, 
the  remaining  P  summits,  of  which  there  are  two  to  each  cycle,  fall  with 
B  and  7'  res])cctively.  Tiie  auricular  summit  lias  the  same  form  as  has  that  of 
the  premature  beat  in  Fig.  21  /.  The  P  representative  of  leads  //  and  /// 
form  a  continuous  series,  so  that  the  string  is  never  at  rest.  The  activitx- 
of  the  auricle  appears  to  be  continual  ;  the  rest  between  the  beats  is  absent 
or  inap])reciable  in  duration.  The  relation  of  the  P  summits,  in  leads  //  and 
///.  to  the  dcfiection  of  the  stiing  produced  by  ventricular  systole,  are  seen 
to  advantage  in  Fig.  lil.  Tiie  curve  was  taken  with  t!ie  string  standard- 
ised to  give  a  deflection  of  I A  cm.  to  the  millivolt,  and  at  a  faster  sjJeed 
than  that  at  which  the  icmainder  of  the  curves  were  taken.  The 
continuity  of  the  auricular  representatives  is  broken  by  the  ventricular 
deflections,  but  for  one  cycle  in  each  of  these  curves,  the  auricular  portion 
of  the  electrocardiogram  has  been  reconstructed,  by  drawing  upon  the 
original  curve,  so  as  to  make  tiie  relation  of  the  auricular  and  ventricular 
])ortions  of  it  evident.  The  unvarying,  regular  and  rapitl  beating  of  the 
auricle,  displayed  in  this  fasliion.  is  also  exposed  in  Fig.  18.  taken  on  the  same 

*  Tlu'  patient   rcturii(_-i,l  \\itli  a  new    |ial'o\\^!u  tui  t't'liriiarN    the  iMtli,    UU:.*.      it   was  vt  the 
type  seen  in  Fig.  )•">. 
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day.  The  right  carotid  sheath  and  the  contained  \aetis  were  jiressed  upon, 
at  or  about  the  time  at  w  hicli  tiie  curve  conunences.  'I'wo  ventriculai-  cycles, 
belonging  to  a  ])eriod  of  regidar  4  :  I  hcait-Mock  arc  sliown  :  the  vcntiich' 
ceases  to  beat  for  IS  auricular  <ycles  under  the  influi-nce  of  the  stiuiulation 
of  the  vagus  ;  following  upon  tiie  rek-ase  of  eonijiression  the  preceding 
mechanism,  i.e..  4  :  1  heart-block,  is  rapidly  restored. 

A  few  days  before  Fig.  17  was  secured,  that  which  is  shown  in  Fig.  Ill 
was  obtained.  A  com])arison  of  the  two  figures  renders  detailed  descrijition 
unnecessary  ;  it  is  evident  that  a  varying  degree  of  heart-block  is  exhibited, 
while  the  auricular  rate  is  continuously  rapid.  Periods  of  2  :  I  and  4  :  1 
heart-block  are  mixed  together. 

It  is  from  a  careful  consideration  of  the  curves,  w  liicli  have  been  described, 
that  the  interjiretation  of  Fig.  IT)  becomes  clear.  The  f)eating  of  the  \'entriele 
is  ap])roxiinately  at  !4t)  beats  ])cr  minute  :  in  Fig.  17,  tlie  ventricular  action 
is  but  about  half  this  rate.  It  is  Fig.  17.  and  the  tiansition  curve  (Fig.  1(1), 
which  suggests  so  strongly  that  the  ra|)id  auricular  action  is  continued 
throughout  the  whole  seiies  (namely.  Fig.  15,  Id  and  17).  Fig.  15  is 
im])ortant  because  it  shows  the  picture  presented  by  the  ])atient  \\  hen  first 
seen.  A  correct  interpretation  of  this  isolated  curve  would  be  difficult 
or  impossible.  Yet  with  the  full  series  of  curves  in  view,  it  is  a  matter  of 
no  great  difficulty.  The  little  P  summits,  two  to  each  ventricular  con- 
traction are  clearly  distinguishatile  in  lead  /.  In  Fig  111.  leads  //  and  ///, 
the  auricular  acti\ity  is  represented  by  a  continuous  wavy  line.  The  same 
form  of  electric  disturbance  may  be  followed  throughout  leads  //  and  /// 
of  Fig.  15,  though  in  this  instance  it  is  broken  more  fre(|uently  by  \entricular 
deflections. 

Additional ca.^es  of  rapid  (iio-iruhir  action.  The  inter]iretation  of  this  series 
of  curves  has  thrown  considerable  light  upon  a  numlici'  of  isolated  curves  in  uiy 
collection.  One  of  them  has  been  jiublished  recently  by  Dr.  Mackenzie  in 
this  journal,!'  but  its  interpretation  was  not  possible  at  that  time.  With  his 
permission,  I  rejiublish  it  as  Fig.  23  of  the  jiresent  communication  and  am 
now  able  to  place  the  companion  curve,  namely,  that  showing  the  normal 
heart  action  in  the  same  case,  side  by  side  with  it  (Fig.  22).  The  small  and 
upright  P  summits  of  lead  /  (Fig.  23)  are  (juite  evident  and  are  regularly 
spaced  ;  the  deep  inverted  deflections  of  leads  //  and  ///  are  also  evenly 
spaced  and  are  now  equally  evident.  The  rate  of  the  auricular  contractions 
in  this  curve  is  apjjroximately  320  per  minute.  The  patient,  as  the  original 
account  of  him  tells,  was  the  subject  of  paroxysms  of  tachycardia  of  two 
forms.  In  one  the  pulse  beat  at  140-150  jier  minute,  in  the  other  the  pulse 
was  observed  to  mount  to  rates  of  280  and  300  j)er  minute.  The  explanation 
of  these  rates  is  now  apparent:  during  the  slower  jjaroxysm.  2:  1  heart- 
block  was  present ;  during  the  faster  paroxysm  it  vanished. 

Two  other  patients,  from  whom  I  have  obtained  electrocardiograms, 
during  attacks  of  tachycardia,  have  shown  similar  phenomena.     The  curves 
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of  these  two  ]iaticnts  are  so  Tinieli  alike  that  a  single  illustration  will  suffiee 
for  both. 

Electroeardiograms  are  shown  in  Fig.  24,  in  which  auricular  contractions 
are  clearly  represented  in  all  leads,  the  P  deflections  occur  twice  as  frequently 
as  do  those  of  the  ventricle.  The  rate  of  auricular  contractions  is  313  per 
minute,  while  that  of  the  ventricle  is  156-5  jjer  minute.  The  curves  were 
taken  from  a  patient  in  whom  the  rate  is  said  to  have  been  maintained*  for  a 
period  of  three  years.  Under  a  full  course  of  digitalis,  the  fast  and  regular 
auricular  action  has  since  given  ])laee.  first  to  fibrillation,  and  later  to  the 
normal  rhythm. 

In  the  fourth  case,  wliicli  I  have  jiersonally  examined,  the  rate  of 
auricle  and  ventricle  were  2(iO  and    i:i(»  res]>ectively.t 

Discussion.  Several  instances  of  very  rajud  and  regular  action  of  the 
auricle  have  been  recently  placed  on  record.  Notable  examples  of  the 
phenomenon  are  Hertz  and  Goodhart's  case  ;^  that  more  recently  described 
by  Jolly  and  Ritchie,^  and  the  three  cases  described  by  Rihl  :  '-  in  these 
five  patients  the  highest  recorded  rates  of  auricular  contraction  were  236, 
300,  315.  222  and  214,  respectively.  In  all  these  cases  heart-block  was  also 
present  at  some  period  of  the  observations,  so  that  the  ventricular  rate  was 
but  a  fraction  of  the  auricular.  To  these  records  I  am  able  to  add  Mackenzie's 
case  11  and  a  new  series  of  three  cases  ;  it  will  be  evident  that  the  condition 
is  not  so  rare  as  might  have  been  supposed,  and  it  becomes  clear  that  many 
of  the  older  accounts,  which  state  that  paroxysms  of  tachycardia  may  be 
accom])anied  by  ventricular  rates  of  from  200  to  300  per  minute,  are  no  longer 
open  to  the  scepticism  with  which  they  have  hitherto  been  regarded,  in  the 
absence  of  graphic  records.  The  sudden  and  exact  doubling  of  already 
accelerated  ventricular  action,  such  as  has  been  described  by  Hoffmann.* 
also  receives  a  ready  explanation.  The  "  Auricular  flutter  '"  as  Jolly  and 
Ritchie  have  named  it,  is  commonly  associated  with  heart-block,  the  degree 
of  which  may  vary,  producing  halved  ventiieular  rate  from  time  to  time. 
The  recognition  of  a  type  of  jjaroxysmal  tachycardia  in  which  extreme 
rates  of  auricular  contraction  are  maintained,  is  of  considerable  imjjortance, 
for  such  })atients  are  ever  on  the  verge  of  developing  auricular  fibrillation  ; 
and,  as  Mackenzie  has  jJointed  out,  the  production  of  fibrillation  may  be 
beneficial  ;  not  only  is  the  heart  rate  reduced  at  its  onset,  but  by  the  abolition 
of  the  accelerated  and  regular  action  of  the  auricle,  the  restoration  of  the 
normal  rhythm  may  be  hastened.  Of  the  three  cases  which  I  have  added  to 
, the  ]5ublished  series,  two  have  reacted  at  the  administration  of  digitalis, 
and  the  auricle  has  passed  into  fibrillation.  In  both  of  these  the  normal 
rhythm  was  restored  soon  after  the  administration  of  the  drug  ceased.  The 
third  case  passed  from  observation  before  the  action  of  the  drug  could  be 

*  For  tliis  information  ami  that  which  follows  1  am  indebted  to  Dr.  Blackburn  of  West 
Hartlepool. 

+  Three  additional  cases  have  since  been  observed.  The  rates  of  auricle  and  ventricle  were 
320  and  1(30.  224  and  112,  334  and  l(i7,  respectively. 
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tested.  Tn  ^laclvenzie's  case  fihrillation  was  jirodiieed  hy  digitalis  and  tlie 
normal  rhytlun  was  subsequently  restored.  The  auriele  also  ])assed  into 
fihrillation  in  one  of  Rihl's  cases. 

A  hrief  description  of  the  polygraphic  curves,  which  these  ])atients  yield 
during  periods  of  auricular  acceleration,  is  desirable.  In  some  the  records 
are  clear,  as  in  the  patients  of  Hertz  and  Goodhart,  and  those  of  Jolly  and 
Kitchie  ;  much  more  frequently  they  are  obscure.  In  the  four  cases  which 
I  have  seen  ])ersonally,  and  in  an  additional  case  from  which  I  have  seen  the 
]iolygraphic  tracings  alone,  the  venous  records  were  anything  but  easy 
to  read.  The  auricular  summits  are  often  small  and  inconspicuous,  and 
many  of  the  ciu'ves  have  waves  which  might  readily  be  misinterjjreted  as 
a.  c  and  r.  three  such  waves  commonly  occurring  with  each  ventricular 
cycle.     An  exam]>le  is  shown  in  Fig.  fi.  a  curve  taken  from  the  case  which  has 
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Fig.  t).  A  |)olygrapliic  curve  during  ii  iieriod  of  4  :  1  heart-block.  The  venous  ein-ve  consists 
entirely  of  a  waves  :  though,  in  the  absence  of  electrocardiograms,  they  would  be  mistaken 
for  a.  c  and  v  waves  accom])anying  each  ventricular  cycle.  The  corresponding  electro- 
cardiogram is  shown  in  Fig.  17. 
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Fig.  7.  A  radial  curve  from  the  same  jiatient,  showing  the  passage  from  a  period  of  2  :  1.4:  1 
heart-block  into  a  period  of  4  :  1  heart-block.  The  interjiretation  of  the  curve  is  known  from 
comparison  with  such  electrocardiograms  as  that  shown  in   Fig.    l*i. 

The  presence  of  heart-block  may  be  determined  from  the  radial  curve  itself,  by  noting 
the  shortness  of  the  [lause  .r  as  compared  with  the  pause  y/.  and  by  noting  the  ef[nalit\'  of  the 
two  periofls  a  and  h. 

been  fully  described  in  the  ])resent  pajjer.  The  radial  pulse  is  beating 
regularly  at  73  ]ier  minute,  a  rate  which  it  maintained  for  many  days.  There 
is  little  in  the  venous  curve  to  guide  the  observer  to  the  true  condition  of  the 
auricle,  wiiich  as  we  know,  from  the  corresponding  electrocardiographic 
curve  (Fig.  17),  was  beating  at  the  time  when  this  curve  was  taken  at  the  rate 
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of  292  per  minute.  Very  eonsideialile  lielp  may  he  obtained  in  tlie  inter- 
])retation  of  siicli  eurves  from  a  earefnl  study  of  arterial  tracings.  A  curve, 
such  as  is  sho\\n  in  Fig.  7,  does  not  rejtresent  the  ])assage  of  a  period  of 
bigeminy  (resulting  from  ])remature  contractions)  into  the  normal  rhythm  : 
if  that  were  so  the  length  of  the  cycle  .c  would  not  be  consiiicuously  shorter 
than  the  cycle  y.  Such  ciuves  are  given  by  heart-block  alone.  The  clue 
to  the  actual  mechanism  which  ]iroduced  this  curve  is  given  by  a  comparison 
of  the  periods  a  and  h.  They  are  exactly  equal,  yet  one  contains  four  cycles 
while  the  other  contains  three.  Assuming  a  constant  auricular  rate  through- 
out, the  proportion  between  the  number  of  resjjonses  over  the  period  a  and 
over  the  period  h  should  be  as  4  is  to  .'$.  This  projiortion  is  only  fulfilled  by 
two  conditions,  (1)  the  passage  of  a  1  :  1.  2  :  1  ratio  into  a  2  :  1  ratio,  or  by 
(2)  the  passage  of  a  2  :  1,  4  :  1  ratio  into  a  4  :  1  ratio.  One  or  other  of  these 
conditions  would.  I  think,  alone  account  for  the  curve  as  it  stands.  Further 
than  this  the  analysis  could  not  be  taken.  u])on  the  evidence  of  this  radial 
curve  alone  :  l)ut  the  electrocardiogram  taken  on  the  same  day.  Fig.  16, 
shows  that  tlie  second  interpretation  is  the  correct  one  ;  the  mixture  of 
2  :  I  antl  4  :  1  jieriods  is  clearly  demonstrated  in  this  curve. 

Thus,  the  group  of  cases  considered  is  of  imjiortance  because,  in  the 
absence  of  electrocardiographic  curves,  the  high  frequency  of  auricular 
contractions  may  remain  unsuspected.  In  the  case  which  I  have  described  in 
detail,  the  jndse  rate  was  for  several  days  within  the  normal  limits,  and 
usually  its  rate  was  75.  Yet  the  rapid  auricular  action  (280-300)  was 
maintained  throughout  the  whole  of  this  period,  and  neither  the  skiagraphic 
examination  of  the  chest,  nor  the  em])loyment  of  the  polygraph  was  sufficient 
to  reveal  its  presence. 

Finally,  I  may  again  draw  attention  to  the  action  of  the  auricle  in  cases 
where  the  rate  of  its  contractions  is  raised  phenomenally.  As  I  have  already 
determined,  by  an  examination  of  the  electrocardiograms  of  ten  patients 
dining  t  he  jieriod  of  tachycardia  and  by  a  comparison  of  these  curves  with  those 
of  normal  or  (|niescent  ]ieriods  the  shape  of  the  auricular  summits  proves 
that  the  new  rhythm  originates,  not  at  the  pacemaker,  but  in  some  new 
auricular  focus.  The  same  statement  applies  to  instances  of  tachycardia 
in  which  rates  of  300  are  approached,  as  shown  by  the  present  series.  The 
comparison  of  the  P  summits  during  the  period  of  tachycardia  and  while 
the  normal  mechanism  is  iiresent  is  possible  in  Fig.  17  and  21  and  in  Fig.  22 
and  23.  That  the  site  of  impulse  formation,  in  the  jDatients  from  whom 
Fig.  17  and  23  were  obtained,  was  ectopic,  is  evident  from  the  abnormal 
shape  of  the  P  summits,  as  compared  to  the  normal,  while  the  tachycardia 
is  present.  That  it  was  also  ectopic,  in  the  ca.se  w  hich  is  illustrated  by  Fig, 
24,  is  evident  from  the  outlines  of  the  summits  in  leads  //  and  ///.  In  both 
these  leads  P  is  inverted.  Similar  pictures  were  obtained  from  the  fourth 
])atient.  Electrocardiograms  were  obtained  in  Jolly  and  Ritchie's  patient 
and  also  in  Rihl's  :  and  though  a  comparison  with  the  curves  of  the  normal 
mechanism  is  not  pos.sible,  whei'c  they  are  concerned,  it  is  probable  that  in 
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fliese  instances  also,  a  ikmv  site  of  impulse  formation  had  developed.  Tt 
conseqnently  seems  clear  that  instances  of  accelerated  auricular  action  to 
rates  of  250  or  .■(on  air  usually,  if  not  always,  associated  with  deplacement 
of  the  centre  of  imjiulse  formation.  As  in  patients  who  exhibit  slower 
paroxysms  of  tachycardia,  the  new  rhythms  are  ectopic. 

PART  IT. 

Anomalous    ventrtcut.ar    electric    complexes    of    supraventricular 
ORIGIN  :    aberrant  ventricular  contractions. 

In  )irevi()us  articles,  I  have  impressed  the  im]>ortance  of  the  principle, 
that  in  the  interjiretatiDii  of  electrocardiographic  tracings,  the  shape  of  the 
ciuve  is  controlled  by  the  direction  taken  by  the  contraction  wave.  \\\\vn 
an  impulse  descends  to  tlie  ventricle  along  the  normal  path  and  enters  the 
musculature  of  this  chamber  through  the  nortnal  field  of  rereptioi),  namely, 
the  arborisations  of  the  auriculo-ventricular  bundle,  the  anticipation  is  that 
it  will  give  rise  to  a  contraction,  which  yields  a  ventricular  comjtlex  of  a 
definite  and  recognised  form,  namely,  that  which  is  regarded  as  physiological. 
And  this  anticipation  is  realised  under  most  circumstances,  be  they  experi- 
mental or  clinical.  But  the  rule  is  not  without  im]3ortant  exceptions. 
It  occasionally  hajipens,  as  in  the  case  reported  at  an  earlier  date,'  that 
im])ulses  which  can  be  shown  to  be  of  sujiraventricular  origin  give  rise  to 
contractions   yielding    ventricular   complexes    of   anomalous    outline. 

The  case  froui  which  the  original  curves  were  taken  is  still  under  observa- 
tion and  has  been  re])eatedly  re-examined.  The  patient  is  the  subject  of 
paroxysmal  tachycardia,  and  numerous  i)remature  contractions  of  auricular 
origin  interrujjf  the  slow  periods.  The  origin  of  the  premature  auricular 
contractions  has  remained  constant  for  an  observed  ])eriod  of  two  years. 
This  conclusion  is  based  u])on  the  shaj^e  of  the  electric  com])lex,  which 
represents  the  j^rematurely  contracting  atu-icle.  The  usual  peak  P.  of  the 
rhythmic  beats,  is  rejilaced  by  a  small  and  inverted  summit  ;  a  summit 
which  has  maintained  a  uniform  outline  for  the  ]ieriod  named.* 

But  while  the  premature  auricular  lomjilex  has  remained  uniform,  the 
complex  accom])anying  the  succeeding  ventricular  contraction  has  been  of 
three  distinct  forms.  For  the  convenience  of  descri])tion  I  rename  these 
complexes,  tyjies  .-I.  7)'  and  ('.     Type  .4  is  a  ventricuJai-  (■om])lcx  of  normal 

*  In  tlif  (irit;iii»l  paiicr.  tin:  iiiM-rtrd  smiiinit  wms  iiiti'r]>ii-tc'(l  to  result  from  an  ectopic  beat, 
or  one  arisinu  at  a  |iuint  lyni;^  at  a  distance  Irniii  the  iiaceniakiT  ;  and  this  inter])retation  was 
based  upon  ex]ieriuiental  observations  whicli  liave  recently  been  criticised  by  Rothbergcr  and 
Winterberg."  If  various  points  of  the  auricular  surface  are  stinnilated.  the  auricular  conijilex 
is  of  a  different  but  delinite  form  with  each  separate  stinuilation.  Rothberger  and  Winterljirg 
consider  that  this  may  be  due  in  some  measure  to  escape  of  the  stinuilafing  current,  and  state 
that  they  have  been  unable  to  avoid  this  escajie.  Personally  1  have  had  no  such  difficulty  since 
I  ha\*e  used  closely  a]i))roximate<l  electrodes,  and  may  state  quite  emiihatically  that  such  com- 
phcation  of  the  cur\'es  is  finite  a  rare  e\"ent.  but  that  if  it  does  occur,  it  is  readily  recognised, 
ami  siKHild  iKjt  coiiliisc  the  iTiterpretniion  of  cmvc  s. 
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outline,  being  of  the  same  shape  as  the  ventricular  complex  of  a  rhythmic 
beat.  The  ventricular  complexes  of  premature  contractions  arising  in  the 
auricle  correspond  in  most  patients  to  type  A  ;  an  example  is  shown  in  Fig.  8 
of  the  present  ]5aper.  It  is  to  the  divergent  types  that  I  desire  to  draw 
attention  at  the  present  time.  Types  B  and  C  are  shown  in  Fig.  2o.  This 
figure  consists  of  twelve  curves,  arranged  in  four  vertical  columns,  each 
containing  the  jiictures  of  Einthoven's  tlu'ee  leads  (marked  /,  //  and  /// 
respectively  in  tlie  figure  and  uiranged  in  three  corresjjonding  horizontal 
rows).  The  two  central  vertical  columns  {b  and  c)  of  the  figure  show  the 
curves  fiom  the  patient  alreatly  referred  to.  and  the  two  curves  from  lead  // 
are  those  originally  published.  In  botii  curves  a  couple  is  shown  consisting 
of  a  single  beat  of  the  normal  rhythm  and  a  premature  beat.  In  botli 
instances  T  of  the  rhythmic  beat  is  notched  by  the  inverted  auricular  peak 
(marked  P  below  the  line),  and  it  is  followed  by  an  anomalous  ventricular 
complex.  In  the  particular  patient  of  whom  I  speak,  these  anomalous 
comjilexes  have  occurred  very  frequently,  and  they  have  often  alternated 
with  each  other,  from  coujile  to  cou|)le. 

I  have  made  a  large  number  of  observations  in  the  hope  of  obtaining  the 
corresponding  pictures  in  leads  /  and  ///,  but  have  been  only  partially 
successful.  There  has  been  no  difficulty  in  obtaining  the  complete  set  of 
six  curves  ;  but  it  has  not  been  easy  to  identify  the  curves  of  leads  /  and  /// 
with  types  B  and  ('  as  they  are  seen  in  lead  //.  for  the  reason  that  both  types 
occur  in  a  single  ])atient.  When  a  continuous  bigeminy,  including  beats  of 
one  or  other  tijpe  alone,  has  been  seen,  the  lead  has  been  rapidly  changed  by 
means  of  a  sjtecial  key  devised  for  the  purpose,  and  successive  strips  have 
been  taken  of  the  several  leads.  In  regard  to  lead  ///,  no  doubt  remains 
that  the  beats  corresponding  to  type  B  and  C  of  lead  II  are  correctly  placed 
in  the  jiresent  figure,  but  as  regards  lead  /  this  correspondence  has  not  been 
so  conclusively  demonstrated,  tliough  I  believe  that  here  too  the  arrangement 
as  depicted  is  the  true  one.  Foi-  the  time  being,  we  may  assume  that  curves 
7,  II  and  ///,  as  they  are  arranged  in  columns  b  and  c  of  Fig.  25,  correspond 
to  the  complexes  B  and  C  in  the  respective  leads  of  Einthoven. 

I  may  now  describe  the  curves  of  columns  a  and  d.  In  column  a,  curves 
from  leads  7,  77  and  777  are  shown.  They  were  taken  from  another  case 
exhibiting  paroxysms  of  tachycardia  of  auricular  origin.  In  this  case,  also, 
anomalous  ventricular  com])lexes  interru])ted  the  slow  ])eriods.  and  they 
corresiKind  to  the  ventrieuiai'  contractions  of  beats  arising  |)rematurely 
in  the  auriiic.  The  ]tremature  auricle,  in  leads  7  and  77,  has  much  the  same 
form  as  that  of  the  rhythmic  beats  ;  in  lead  777  it  consists  of  several 
small  variations.  In  each  lead  it  is  followed  by  an  anomalous  ventricular 
com]ilex,  and  the  shapes  of  these  comjilexes  are  very  similar  to  those  illustrated 
by  the  corresjjonding  leads  of  column  h. 

Next  let  us  examine  column  d.  In  this  column  are  three  curves  from  a 
patient  who  has  been  under  observation  for  a  year  or  more.  The  patient's 
heart  has  been  irregular  as  a  result  of  tJie  presence  of  premature  auricular 
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contractions  for  the  whole  of  this  ]ieriod.  Three  leads  are  shown  ;  each 
curve  consists  of  two  coupled  beats,  the  second  of  which  is  premature.  The 
ventricular  comjilexes  are  anomalous.*  though  the  corresponding  contractions 
are  of  supraventricular  (in  this  case,  auricular)  origin.  The  three  pictures 
of  this  column  (d)  are  very  similar  to  those  of  column  r. 

Thus  three  patients  have  been  observed  in  whom  anomalous  ventricular 
complexes  have  been  found  to  accompany  premature  auricular  contractions  ; 
in  one  (column  a)  the  complexes  were  of  type  B  ;  in  another  (column  d) 
they  were  of  type  C  ;  in  another  (columns  b  and  c)  they  were  of  types 
B  and  C. 

Treating  tiie  cases  singly,  the  first  fact  which  merits  attention  is  that  in 
all  three  cases,  each  repeatedly  examined,  the  type  of  anomalous  conn:)lex 
has  been  constant. f  This  constancy  of  outline  from  month  to  month  and 
year  to  year  is  especially  noteworthy.  The  mechanism  by  which  such  beats 
are  produced  is  constant,  and  its  constancy  suggests  its  comparative  sim- 
plicity. The  view  that  the  mechanism  is  a  simple  one  receives  additional 
and  strong  supjjort  when  the  cases  are  treated  collectively  ;  curves  of  almost 
exactly  similar  type  occur  in  distinct  cases.  + 

Before  proceeding  to  the  statement  of  a  hy])otliesis  by  which  the  occiu'- 
rencc  of  these  anomalous  beats  may  be  explained,  it  may  be  \\  ell  to  summarize 
briefly  our  knowledge  of  them. 

In  the  present  communication  it  has  been  stated  that  (1)  they  yield 
uniform  electric  effects  in  given  patients  over  long  periods,  and  it  has  been 
sho«n  that  (2)  the  same  distinctive  types  are  met  with  in  different  patients. 
In  a  previous  communication'*  I  have  shown  that  (3)  type  C  may  also  occur 
in  experiment  and  that  (4)  it  is  independent  of  the  point  of  origin  of  the  impulse, 
providing  that  the  latter  ari.ses  above  the  ventricle.  (5)  The  abnormal  types 
are  always  associated  with  demonstrable  alterations  of  conduction  in  tlie 
tissues  uniting  auricle  and  ventricle.  Occasional  or  continued  jn'olongation 
of  the  P-R  interval  has  been  found  in  each  and  all  of  the  patients  in  \\  horn 
they  have  been  observed, §  and  also  in  the  dog  in  which  they  were  seen. 

The  recognition  of  these  conduction  changes  in  the  patients  considered 
may  necessitate  repeated  examination.  They  may  not  be  in  evidence  at  the 
first  or  even  the  second  or  third  examination  ;   but  they  are  eventually  found. 

A  characteristic  example  of  the  i)hciiomenon  has  been  recently  recorded 
by  my  former  assistant  Dr.  Leo  Rosenthal,  i* 

Surveying  the.se  facts,  and  remembering  how  the  shape  of  an  electric 
curve  is  controlled  by  the  direction  of  the  contraction  wave,  one  hyjjothesis 

*  The  patient  presented  those  anomalous  complexes  on  occasion  only.     They  were  usually 
of  type  A  (Fig.  S  &.  9  are  from  the  same  case). 

t  Within  certain  limits  to  which  subsequent  reference  will  be  made. 

J  Type    B  has   been  figured   by   Kraus  and   Nicolai."     These  authors   have  attempted   to 
associate  it,  though  upon  insufficient  grounds,  with  a  beat  of  atrio-\entricular  origin. 

§  Five  patients  altogether.     A  prolongation  of  iuterval  is  seen  in  lead  //,  Fig.  2o,  column  u, 
of  one  of  the  new  cases  here  described. 


296  T  h.    LE  II' /N. 

alone  seems  adequate  in  explanation  of  them.  It  is  suggested  tliat  they  may 
be  due  to  damage  affecting  special  branches  of  the  auriculo-ventrieular 
arborisation,  and  that  this  damage  is  such  that  a  block  is  present  ;  so  that, 
at  one  time,  the  imj^ulse  is  transmitted  through  the  whole  arborisation, 
while  at  other  times,  it  passes  into  the  arborisation,  but  fails  to  course  along 
certain  given  channels. 

But  before  this  hyjiothesis  can  be  accepted,  an  obsei'vation  remains, 
with  which  it  must  be  reconciled.  A  series  of  curves  was  published  from  the 
original  case,  in  a  previous  article  to  this  journal,**  which  showed  a  complete 
transition  from  the  normal  type  (type  .4)  to  type  C.  I  am  now  alile  to 
])ublish  a  second  though  less  perfect  series.  Two  curves  are  shown  in  Fig.  26. 
They  are  from  the  same  case  as  those  of  column  d  of  the  last  figure.  Both 
are  from  lead  //.  The  second  and  jiremature  beat  of  the  top  curve  in  Fig.  26 
has  a  ventricular  complex  of  type  A.  The  premature  beat  of  the  bottom 
curve  (Fig.  26)  is  transitional  between  type  A  and  type  C  (Fig.  25,  column  d, 
lead  //).  Special  attention  is  drawn  to  the  intervals  in  these  three  curves. 
Proceeding  from  type  A  to  type  C,  the  prematurity  of  the  second  heat  of  the 
couple  increases  ;  the  shorter  the  interval  intervening  between  normal  and 
anomalous  beats,  the  greater  is  the  dii'crgcnce  of  type.  A  precisely  similar 
observation  w  as  made  in  the  instance  formerly  iniblished  ;**  and  the  anomalous 
beats  were  seen  in  experiment,  only  when  this  interval  was  short.  We  may 
continue  the  previous  summary  by  stating  that  (6)  the  anomalous  beats 
show  transitions  and  that  (7)  they  are  most  in  evidence  when  the  ventricular 
contractions  to  which  they  belong  follow  the  ^^receding  contractions  at  short 
intervals.* 

The  prematurity  of  the  contraction  influences  the  type  of  complex 
because  the  recovery  of  conduction  is  dependent  upon  the  interval  of  rest 
which  ])recedes  the  contraction  with  which  it  is  associated. 

How  may  the  transition  types  be  explained  i  I  assume  that  a  given 
anomalous  complex,  in  its  fully  developed  form,  results  from  a  complete 
obstruction  to  the  passage  of  the  impulse  along  certain  definite  branches 
of  the  arborisation.  The  transition  forms  are  explained  if  it  is  assumed  that 
during  the  ])rogress  of  certain  beats,  there  is  delay  in  the  passage  of  the 
impulse  along  the  same  branches  of  the  arborisation  ;  and  according 
as  the  delay  is  small  or  great,  so  the  complex  will  approach  more  closely 
to  type  A  or  type  C. 

I  nuiy  illustrate  and  support  this  conce})tion  by  describing  the  accom- 
panying figure,  an  experimental  curve.  Fig.  27  shows  myocardiograms 
(A  and  V)  from  auricle  and  ventricle  respectively,  an  electrocardiogram, 
a  time-marker  and  signal  of  stimulation.  The  stimulation  was  repeated  at 
rhythmic  intervals,  the  rate  of  stimulation  being  slightly  in  excess  of  the 
heart  rate,  and  the  point  of  application  being  the  left  margin  of  the  ventricle 

*  Similar  (.'Imiiges  accompany  increase  of  heart  rate,  notahly  in  paro.\ysms  of  tacliycanlia  : 
a  fact  which  has  been  discussed  in  my  book  "  The  Mechanism  of  llie  Heart  Beat,"'  London,  11)11, 
page   180. 
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near  its  apex.  The  first  two  stimuli  fall,  as  shown  by  the  vertical  lines 
drawn  from  the  signal,  in  the  refractory  period  of  the  ventricle.  The  thiril 
falls  just  before  the  commencement  of  the  refractory  state  :  the  fourth  a 
Httle  earlier  and  so  on.  Each  falls  subsequent  to  the  commenceineut  of  an 
auricular  contraction.  Thus  in  each  cycle  two  contractions  waves  are 
started,  one  naturally  and  from  the  auricle,  the  other  artificially  and  from 
the  apex  of  the  ventricle.  According  as  one  oi'  other  is  precedent  so  it 
governs  the  ultimate  type  of  the  ventricular  contraction.  In  the  fourth 
cycle  of  the  figure,  the  ventricular  contraction  is  almost  a  pure  response  to  the 
supraventricular  impulse.  In  the  last  cycle  of  the  figure,  the  ventricular 
contraction  is  a  pure  response  to  apical  stimulation.  Between  them  lies 
a  perfect  transition  series,  and  this  transition  series  is  the  result  of  a  gradual 
alteration  of  the  times  at  which  the  im])ulses  reach  the  several  portions  of  the 
ventricular  muscle  mass.  A  gradually  increasing  delay  in  the  conduction 
of  purely  supraventricular  impulses,  through  a  limited  division  of  the 
arborisation,  will  produce  a  comparable  series  of  transition  curves  ;  and  such 
is  the  explanation  offered  of  the  clinical  electrocardiograms  which  have  been 
discussed. 

As  final  illustrations  of  the  phenomenon  for  which  I  ])ro])()se  the  term 
"  aberration  of  the  suijraventricular  imjiulse  "  or  '"  aberration  '"  I  may  cite 
certain  experiments  upon  asphyxial  heart-block. 

In  conjunction  with  Mathison**  I  have  shown  that  all  the  known  stages 
of  auriculo-ventricular  heart-block  may  be  ])roduced  in  cats  by  a  simple 
process  of  asphyxiation,  but  we  were  unable  to  demonstrate  that  the  block 
is  produced  as  a  result  of  ])oisoning  of  the  special  junctional  tissues.  Evidence 
for  this  is  now  forthcoming,  thanks  to  the  observations  of  Eppinger  and 
Rothberger."  These  workers  have  demcmstrated  that  seyiarate  section  of  the 
left  and  right  main  branches  of  the  auriculo-ventricular  bundle  is  followed 
by  beats  of  the  ventricle  which  start  in  right  or  left  \entricle.  respectively. 
Such  beats,  which  are  unc|uestionably  aberrant,  in  the  sense  in  which  I  use 
the  term,  give  rise  to  electric  curves,  which  correspond  to  the  recognised 
complexes  of  premature  ventricular  beats,  started  in  the  right  and  basal 
portion  of  the  heart  or  left  and  aj^ical  portion  of  the  heart  resi)ectively. 

It  not  infrequently  ha])}iens  that  similar  pictures  are  obtained  from 
the  asphyxiated  cat.  Perhaps,  as  in  Fig.  28.  2:1  heart-block  is  present, 
when  suddenly  the  noi-mal  ventricular  complex  gives  place  to  one  which  is 
recognised  as  corresponding  to  a  contraction  started  in  one  or  other  side  of 
the  heart  (in  the  instance  figured  it  is  from  the  right  and  basal  portion  of 
the  ventricle).*  Very  many  interesting  curves  are  produced  in  this  manner 
and  they  suggest  that  the  products  of  asphyxia  act.  not  only  on  the  junctional 
tissues  as  a  whole,  but  also  to  a  varying  extent  on  the  several  portions  of  this 
svstem.     Transitional  curves  between  tlie  normal  and  a  fully  aberrant  tyjie 

*  \'civ   .-.miliar   lurves    ha\e    been    recently    |iubUshed  by  Einthoven,'  wliu    i>rodULcd  theiu 
cxi'fnnientally  by  stimulating  the  vagus. 
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arc  surely  to  be  anticipated  under  these  circumstances,  and  I  ))ublisli  the  last 
figure  as  a  probable  example  of  the  phenomenon.  The  curve  shows  the  ])assage 
of  a  period  in  which  there  is  prolongation  of  the  P-R  interval  to  what  is 
a])]iarently  com])lete  dissociation.  The  tyjx'  of  ventricular  complex  suddenly 
clianges  from  the  normal  {K.  T)  to  that  nt  a  lieat  starting  in  the  left  or 
ajjical  ])ortions  of  the  ventricle.  From  this  jxjint  onwards  there  is  a  complete 
transition  from  the  large  diphasic  complex  to  the  normal  complex,  which  is 
seen  at  the  end  of  the  curve.  In  explanation  of  this  curve  I  suggest  first  that 
at  the  point  of  the  primary  change,  com])lete  dissociation  sujiervened  as  a 
result  of  poisoning  of  the  main  bundle  ;  and  that  the  bundle  directly  below 
the  seat  of  functional  damage  became  at  that  moment  pacemaker  to  the 
ventricle.  So  far  the  explanation  is  in  accord  with  all  previous  observation. 
I  suggest  further  that  the  mechanism  was  complicated  by  the  simultaneous 
onset  of  functional  damage  to  the  right  branch  of  the  bundle.  The  first 
impulse  discharged  from  the  ventricular  ])acemaker  consequently  travelled 
along  the  left  brancli  alone.  At  the  second  discharge,  the  impulse  travelled 
along  the  left  branch,  and  after  considerable  delay,  also  along  the  right  branch. 
At  the  third  discharge  the  delay  in  the  right  branch  was  less,  at  the  fourth 
less  still,  until  at  the  discharge  which  created  the  last  beat  represented  in  the 
curve,  conduction  was  again  equal  on  the  two  sides. 

iSUMM.^RY    OF    P.\RT    I. 

1.  The  auricular  contraction  which  follovss  a  premature  auricular 
contraction,  may  arise  from  the  same  focus  as  the  jiremature  beat.  The 
phenomenon  is  considered  to  be  the  result  of  slight  ({uickening  of  physiological 
imjjulsc  formation  in  the  area  in  which  the  ])remature  beat  arises.   (Section  I.) 

2.  A  clinical  instance  of  j)rematurc  auricular  contractions,  follo\^ed 
))y  j)auses.  w  liicli  are  considerably  shorter  than  the  interval  lietween  rhythmic 
beats,  is  described.  It  is  probable  that  the  picmature  beats  originated  in, 
or  near,  the  pacemaker  ;  the  shortening  is  referred  to  acceleration  of  imjndse 
formation  in  the  pacemaker,  as  a  result  of  the  origin  of  premature  beats  in  it, 
or  in  its  neighbourhood,     (Section  2.) 

.'i.  The  direct  and  repeated  change  of  regular  and  accelerated  auriiidar 
action  to  auricular  fibrillation  and  back  again  is  recorded  (Section  3).  Another 
case,  in  which  an  ectopic  auricular  rhythm  was  converted  into  fibrillation 
l)y  the  action  of  digitahs,  receives  detailed  description  (Section  4).  Several 
additional  cases  of  a  similar  nature  are  described  (Section  4).  The  observa- 
tions show  the  close  inter-relation  of  paroxysms  of  regular  tachycardia, 
arising  in  the  auricle,  and  auricular  fibrillation. 

4.  An  instance  of  auricular  fibrillation,  in  which  the  ventricle  beat  at 
90  per  minute,  and  in  which  its  action  was  perfectly  regular,  is  placed  on 
record.  The  regularity  of  the  ventricular  action  is  ascribed  to  the  presence 
of  complete  heart-block,  brought  about  by  digitalis  administration.  Another, 
and  somewhat  similar  case,  is  referred  to  (Section  3). 
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5.  An  instance  of  unexpected  death  in  a  patient,  whose  curves  had 
shown  auricular  fibrillation  and  premature  ventricular  contractions  a  feu- 
hours  previously,  is  recorded.  Death  is  attributed  to  ventricular  fibrillation. 
(Section  .'5.) 

6.  A  patient  who  came  under  observation  with  a  ventricular  rate  of 
1,")0,  and  an  auricular  rate  of  .SOO.  is  recorded  ;  electrocardiograms  from  two 
similar  cases,  in  both  of  which  2  :  1  heart-t>lock  was  present,  and  in  which 
the  rate  of  auricular  contractions  reached  ."520  and  315  per  minute,  are  also 
described.  Extieme  acceleration  of  the  auricle,  to  300  per  minute,  does  not 
seem  to  be  an  uncommon  condition  :  several  other  instances  are  spoken  of. 
Heart-block  usually  accom])anies  the  condition,  so  that  the  acceleration  in 
the  ventricle  is  not  of  like  degree.     (Section  4.) 

7.  The  exact  doubling  of  rate  in  paroxysmal  tachycardia,  described 
by  Hoffmann,  is  probably  referable  to  the  relief  of  heart-block  of  2  :  1  grade. 
(Section  4.) 

S.  Extreme  acceleration  of  the  auricular  rate  usually  gives  jilace, 
sooner  or  later,  and  especially  as  a  reaction  to  digitalis,  to  fibrillation.  The 
normal  rhythm  is  often  restored  subsecjuently.  Digitalis  medication  is  of 
considerable  value  in  such  cases,  either  by  reducing  the  ventricular  rate,  or 
by  ultimately  aiding  the  restoration  of  the  normal  rhythm.     (Section  4.) 

9.  When  auricular  acceleration  is  accompanied  by  heart-block,  and 
fibrillation  sets  in,  at  the  onset  of  the  latter  the  ventricular  rate  is  lowered. 
(Section  4.) 

10.  Extreme  acceleration  of  the  auricular  contraction  rate  is  the  result 
of  new  and  ectojHC  imjjul.se  formation  in  that  chamber.  Four  new  examples 
are  cited  as  evidence  of  this  statement.     (Section  4.) 

1 1 .  The  polygraphic  curves  obtained  from  patients,  in  whom  the 
auricular  contraction  rate  shows  extreme  acceleration,  are  often  deceptive. 
They  may  easily  be  mistaken  for  curves  given  by  a  normally  beating  heart ; 
the  electrocardiographic  examination  may  be  the  sole  means  of  detecting  the 
true  natiu'e  of  the  heart's  mechanism.     (Section  4.) 

12.  An  instance  of  pressure  uiion  the  right  vagus  nerve  is  described, 
in  whicli  heart-block  was  the  .sole  result.  The  auricles  continued  to  beat  at 
the  original  rate,  which  was  an  extremely  accelerated  one. 

Sl'MMAIiV    OF    I'ART    II. 

1.  Several  exam])les  of  anomalous  electric  complexes,  accompanying 
the  ventricular  contractions  of  ]>rcniature  beats  arising  in  the  auricle,  are 
described.  It  is  shown  that  the  anomalous  eomjjlexes  may  be  classed  as 
distinct  tyj)es.  for  the  same  ty])es  are  encoinitered  in  separate  individuals. 
This  fact  and  the  uniformityOf  their  a])])earance  in  electric  curves  taken  from 
isolated  cases,  from  month  to  month  and  year  to  year,  suggests  that  the 
mechanism  of  production  is  a  com])aratively  simjjle  one.  In  view  of  their 
constant     association      with      demonstrable     conduction     changes     in     tlie 
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anriculo-vontricular  junctional  system  as  a  whole,  the  hypothesis  is  ]nit 
forward  that  they  are  due  to  disturhances  of  conduction  in  the  smaller 
branches  of  this  system  ;  and  it  is  held  tliat  definite  branches  are  affected  in 
this  mannei.  though  these  liranchfs  cannot  be  identified  at  the  ))resent  time. 

ft  is  ])roi)(jsed  that  the  jjhenoniena  discussed  should  be  termed  "  aberra- 
tion of  the  su])raventricular  impulses  "'  or  more  simply  "  aberration  "  ;  the 
anonuilous  beats  may  be  conveniently  s]ioken  of  as  "  aberrant  beats  "'  or 
"  aberrant  ventricular  contractions.' 

2.  There  seems  every  prospect  that,  if  this  hypothesis  be  correct, 
it  will  be  possible  ultimately  to  identify  lesions  which  affect  not  only  the 
nuiin  divisions,  but  the  smaller  branches  of  the  auriculo-ventricular  bundle. 

.'5.  The  products  of  asphy.xia  probably  act  in  a  selective  manner  upon 
the  special  tissues  which  serve  the  function  of  conductint;;  impulses  from 
auricle  to  ventricle. 
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OBSERVATIONS  0\  THE  FUNCTIONS  OF  THE  SINO-AURICULAR 

NODE    IN    THE    DOG. 

By  ALFRED  E.   COHN.   LEO  KESSEL  and    HOWARD  H.  MASON. 

(Fmw    the    ])( purl iit(  III   oj    I'lithoJogij.   ('allnjr   of    P/ii/.^iriaus  and  Surgeons, 
<'()liiiiil)ia    I'liivi rsiti/,    Ah'ii'  York.) 

1.      I II I  rod  lift  ion. 

A  ]ireliiiiinarv  notice  of  the  experiments  to  be  detailed  here  aii]wared 
in  February,  1011.  To  the  fourteen  ex])eriments  then  briefly  reported, 
sixteen  liave  now  been  added.  The  latter  liave  substantiated  the  results 
of  the  earlier  ones  and  have  added  new  facts.  At  that  time  earlier  and 
similar  experiments  were  reviewed.  Additions  have  since  been  made  to 
this  subject  of  which  we  shall  make  brief  mention  here. 

The  sino-auricular  node,  described  by  Keith  and  Flack i'  in  April  11)07 
and  suljstantiated  by  Kochi^  in  1!I0!)  is  now  well  known.  Before  the 
publication  of  these  communications,  experiments  had  been  conducted  with 
the  view  of  studying  the  location  of  stimulus  production  by  Adam  in  lil06,i 
Langendortf  and  Lehmann  in  1906/^  Erlanger  and  Blackman  in  IIIOT,^  and 
Hering  in  1'.I07-1'.»0!).  "  "  When  the  first  exiieriments  of  the  ))resent  series 
were  completed  in  August  I'JIO  it  seemed  desirable  to  report  them,  because 
none  had  been  ])ul)lished  in  which  the  newly  discovered  anatomical  facts  had 
l)een  consideretl. 

Adam  had  found  that  he  was  able  to  obtain  prompt  changes  in  the  rate 
of  the  heart  by  (piickly  changing  the  temperature  of  that  area  of  the  heart 
which  lies  between  the  entrances  to  the  auricle  of  the  vena?  cavse,  more 
especially  that  near  the  inferior  vena  cava.  Langendorfi  and  Lehmann 
continued  these  observations  by  experiments  on  the  excised  hearts  of  rabbits 
perfused  with  Locke's  solution.  It  was  their  intention  to  excise  the  stimulus 
producing  area  in  the  right  auricle  and  although  areas  including  the  superior 
vena  cava,  inferior  vena  cava  and  taniia  terminalis  were  excised,  we  are  not 
able  to  conclude  whether  the  areas  excised  included  the  area  now  known  to 
contain  the  node.  They  found  that  after  the  areas  mentioned  had  been 
removed,  the  auricles  ceased  to  contract,  wliile  the  ventricles  after  a  temporary 
cessation,  began  to  contract  again,  but  at  a  much  slower  rate.  If  their 
perfusion  fluid  contained  defibrinated  blood,  the  hearts  did  not  stop. 

Erlanger  and  Blackman  also  worked  with  the  liearts  of  perfused  rabbits. 
They  state  (]).  1. '?.'?)  that  the  amount  of  tissue  excised  varied  in  different 
experiments,  as  did  also  the  location  from  \\hich  the  pieces  were  removed. 
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In  their  experiments,  the  ain-ieles  iinlilse  thcise  in  the  ex])erinu'nts  of  Langen- 
dorll'  and  JA-hniann.  luit  Uke  thdse  in  tiie  ])resent  series,  continued  to  contract 
after  o|)<>ratioii.  'I'his  ditfeicnee  may  lie  due  to  tlie  fact  that  either  tlic  correct 
])()ition  or  the  cnrrect  amount  iiad  not  Keen  removed.  Experiments  to 
iihistrati'  tliese  jioints  are  detailed  hitter  in  tiiis  communication.  Tliey  found 
also  tliat  the  ch)minance  of  tiie  aurii'les  or  \-entricles  varied  after  the  operative 
mani])uhvtion,  and  similar  results  will  he  found  in  these  experiments. 

Finally  Hering,  on  the  evidence  gained  from  inspecting  the  dying  heart, 
thought  that  the  last  portion  to  cease  contracting  was  that  at  the  entrance 
of  the  sn])erior  vena  cava,  sometimes  the  portion  about  the  inferior  vena 
cava,  and  that  in  any  case  the  right  auricular  ajipendix  judged  by  this 
ciiterion  was  never  involved  in  stimulus  ])ioduction.  He  was  able  to  cut 
away  the  region  of  the  right  auricle  at  the  entrances  of  the  venae  cavse, 
making  a  wide  inc'ision.  and  found  that  the  right  auricle  still  continued  to 
beat  ^vith  regularity.  He  does  not  n^ention  at  what  rate  the  heart  beat 
after  operation  (]i.  145).  He  was  of  the  o])inion  that  not  all  supraventricular 
]iortions  were  cajiable  of  automatism  and  certainly  not  the  left  auricle,  but 
he  did  not  give  an  exact  site  for  this  activity.  He  mentioned  the  fact  that  an 
incision  1  cm.  long,  along  the  sulcus  tenninalis,  sufficed  in  many  cases  to 
terminate  the  contractions  of  sujd-aventricular  portions  of  the  heart.  We 
will  discuss  this  point  later. 

Additional  jiapers  on  the  subject  have  appeared  by  Jaeger,^"  Magnus- 
Alsleben,!"*  Wybauw,  -^  Lewis, ^^  Lewis  and  Oppenheimer,  i^  Hering  and 
Koch,9  and  Flack.  ^-  « 

Jaeger  emjiloyed  the  method  of  scorching  the  area  su])j)0sed  to  be  the 
site  of  the  node.  He  observed  the  effect  obtained  experimentally  and  then 
examined  the  scorched  area  in  serial  sections.  He  found  that  the  structure 
of  the  nolle  was  disturbed,  but  that  the  damage  which  had  been  done  to  it, 
did  not  result  in  any  distiu'bance  of  the  rhythm.  He  showed  a  curve  to 
illustrate  this  statement.  He  stated  that  in  cats  and  dogs  the  node  is  useless 
as  a  ^laeemaker,  and  concluded  that  other  experiments  were  necessary  to 
discover  the  significance  of  this  structure.  He  published  a  photograph 
showing  an  area  of  destruction  of  the  superficies  of  the  heart  which  seemed 
to  have  involved  the  sinus  bearing  area.  He  has  reproduced  one  curve  but 
no  histological  sections. 

Less  significance  must  be  attached  to  these  experiments  of  Jaeger's 
in  \  iew  of  those  done  by  Lewis,  and  Lewis  and  Oppenheimer.  which  were 
exceedingly  careful  both  in  technic  and  in  presentation,  and  which  arrived  at 
a  different  conclusion.  Lewis  was  able  to  show  by  means  of  induction  shocks 
applied  to  various  regions  of  the  auricular  wall,  that  only  those  which  stimu- 
lated the  area  bearing  the  sinus  node  elicited  electrical  complexes  comjaarable 
to  those  observed  as  the  result  of  normal  stimulus  production.  The  stimu- 
lation of  other  areas  caused  contractions,  the  electrical  comjilexes  of  which 
were  quite  abnormal.  Later  in  his  experiments  with  Oppenheimer  he 
discovered  that  the  only  area  in  w  hich  primary  electrical  negativity  was  found 
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A\as  that  area  afterwards  proved  on  the  exaniination  of  serial  sections  to 
contain  the  sino-auricular  node.  For  the  details  of  these  well  jjlanned 
exiierinients,  the  reader  is  referred  to  the  original  pajjer. 

The  experiments  of  ^Vybau\^-l  were  carried  out  at  aliout  the  same  time 
as  Lewis's.  They  are  published  in  less  detail  hut  are  valuaMe  because  of  the 
corroboration  they  lend  to  those  of  Lewis.  He  emiiloyed  methods  similar 
to  Lewis's  and  arrived  at  similar  conclusions. 

Flack  performed  a  series  of  experiments  at  Berne,  and  obtained  results 
similar  to  those  of  Adam.  He  went  further  and  demonstrated  that  it  was 
through  the  sino-auricular  node  that  the  nerves  to  the  heart,  both  vagi  and 
accelerators,  exercised  their  functions.  In  some  experiments  he  a])i)hed 
muscarine  and  atropine  to  it,  he  froze  it  with  ethyl  chloride,  and  in  others 
he  clamjied  it.  Then  he  stimulated  the  two  vagi  and  sometimes  the  two 
accelerators  and  found  that  they  had  lost  the  effect  they  had  formerly 
exercised.  The  results  obtained  were  not  t^uite  uniform,  but  the  experiments 
are  suggestive.  More  experiments  might  profitably  be  performed  on  his 
})lan. 

Later  still  he  performed  additional  experiments  in  Fredericq's  laboratory 
where  he  found  that  he  w  as  unable  to  stop  the  hearts  of  rabbits  and  dogs  by 
clami)ing  the  sino-auricular  node  and  w  as  able  to  slow  the  auricular  rate  only 
slightly.  He  has  called  attention  to  the  difference  between  his  results  and 
those  published  by  us.-  It  must  be  I'emembered  that  his  experiments  were 
carried  out  on  hearts  beating  in  situ,  with  normal  nutrition.  The  difference 
in  method  may  be  responsible  for  the  different  results  obtained  in  the  two 
sets  of  experiments.  Later  experiments  have  convinced  us  that  this  is  so. 
But  much  information  about  the  function  of  the  node  has  been  obtained  in  a 
number  of  w ays,  and  we  believe  that  the  method  of  perfusion  which  we  have 
employed  adds  some  evidence  in  favour  of  the  jiaccmaking  function  of  the 
node. 

Another  method  of  studying  the  same  subject  is  that  of  Hering.''  After 
scorching  the  area  of  the  sino-auricular  node  and  after  cutting  both  vagi, 
he  estimated  the  As-  Vs  interval.  His  purpose  was  tp  observe  whether  a 
heteroto])ic  site  of  stimulus  ])roduction  arose,  resulting  in  a  shortened  As-  Vs 
interval.  He  succeeded  in  producing  this  shortening  and  in  this  his  experi- 
ment succeeded.  But  whether  scorching  the  sinus  area  influenced  the  rate 
of  the  heart  cannot  be  determined  because  the  rate  of  the  heart  before  this 
procedure  is  not  mentioned.  Koch  examined  serial  sections  nuide  from 
these  hearts.  He  reports  (p.  482)  that  the  pericardium  was  damaged  but 
that  little  injury  had  been  done  to  the  muscle. 

Magnus-Alsleben'*  performed  his  experiments  on  the  node  in  the  hearts 
of  rabbits  jjerfused  with  Ringer's  solution  two  parts,  and  ox  blood  one  part. 
He  registered  only  the  right  ventricle.  No  histological  reports  are  jiublished 
so  that  it  is  dilticidt  to  state  exactly  what  he  excised,  the  more  so  l)ecause 
in  Experiment  1  he  saj's  that  bits  of  the  auricles  ("  Fetzcn  der  Ohrcit  ") 
were  left  behind  and  in  Experiment  2,  the  superior  vena  cava.     He  denies 
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that  the  sino-auricular  node  is  a  pacemaker.  He  concludes  that  the  sinus 
area  and  another  one  in  the  v\'all  of  the  right  auricle  set  a  somewhat  faster 
pace.  If  these  areas  are  removed,  a  temporary  disturbance  takes  place. 
He  maintains  that  all  parts  of  the  auricles  have  the  same  grade  of  stimulus 
production,  although  at  the  lower  levels  the  rate  is  somewhat  slower. 

His  results  are  quite  opposed  to  those  to  be  found  stated  in  the  present 
communication.  He  used  rabbits  except  in  one  experiment  where  he  used 
a  dog  ;  in  this  experiment  he  got  slowing  of  the  ventricular  rate.  Unfor- 
tunately only  two  pairs  of  curves  are  shown  in  which  both  auricles  and 
ventricles  are  registered  and  few  details  of  the  ex})criment  are  mentioned. 
Further  on  in  our  communication  it  will  be  seen  how  important  the  histo- 
logical controls  are,  and  Magnus-Alsleben  has  left  us  entirely  without  them. 


//.     Methods  of  experiincntatiou. 

In  these  experiments  clogs  were  used.  On  account  of  the  nature  of  the 
perfusion  apjiaratus,  only  dogs  of  small  or  medium  size  could  be  employed. 
They  were  completely  antesthetizcd  \\ith  ether  and  were  then  bled.  In 
eighteen  experiments  (557  to  565,  567,  and  56U  to  578),  the  chest  was  opened, 
the  heart  was  excised  and  tied  to  and  suspended  from  the  cannula  of  the 
perfusion  apparatus.  This  portion  of  the  apjiaratus  was  surrounded  by  an 
inverted  bell-jar.  A  hook  fastened  in  the  left  auricle  was  connected  by  a 
thread  which  passed  through  an  opening  in  the  side  of  the  bell-jar  to  the 
membrane  of  a  receiving  tambour.  A  similar  hook  was  inserted  into  the 
right  ventricle  near  the  apex,  a  thread  from  which  directed  downward 
through  an  opening  in  the  bottom  of  the  inverted  bell-jar  passed  over  a  small 
wheel  and  ]>roceedcd  at  right  angles  to  the  membrane  of  a  second  receiving 
tambour.  In  twelve  other  exjierimcnts  (57!)  to  590),  the  dogs  were  bled, 
the  chest  was  ojiened,  the  heart  was  left  in  situ  and  the  cannula  of  the 
perfusion  apjjaratus  was  passed  into  the  ascending  aorta.  A  ligature  was 
tied  round  the  arch  of  the  aorta  below  the  point  at  which  the  vessels  to  the 
fore  legs  and  neck  are  given  off  ;  sometimes  the  latter  were  secured  by  special 
ligatures.  The  inferior  vena  cava  was  incised  in  the  abdomen.  The  peri- 
cardium was  laid  ojien  and  sewn  back  to  the  cut  edges  of  the  ribs.  Hooks 
were  inserted  in  the  right  auricle  and  right  ventricle,  which  were  fastened 
by  strings  to  two  receiving  tambours,  each  held  by  a  stand  in  a  position 
suitable  to  the  free  play  of  the  strings.  In  each  of  the  arrangements  des- 
cribed, the  receiving  tambours  communicated  by  means  of  air  transmission 
to  two  writing  tambours,  the  tambour  recording  auricular  contraction  being 
placed  in  each  instance  above  that  writing  ventricular  contraction.  The 
writing  tambours  were  sujiplied  with  pens,  which  wrote  with  ink  on  white 
paper.  This  made  it  j^ossible  to  take  continuous  records  of  any  length, 
the  inscriptions  continuing  in  most  of  the  experiments  during  all  the 
experimental  manipulations. 
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The  hearts  in  all  these  exjieiiinents  were  perfused  with  Locke's  solution, 
at  a  temperature  of  2!t  to  33  degrees,  the  temperature  varying  within  these 
limits  from  one  experiment  to  another.  The  pressure  employed  was  usually 
40  mm.  Hg..  Pressure  and  temperature  were  ascertained  at  a  point  just  before 
the  insertion  of  the  cannula  into  the  aorta  by  means  of  two  side  arms,  one  of 
which  contained  a  thermometer  which  lay  in  the  perfusion  stream  while  the 
other  communicated  by  means  of  pressure  tubing  with  a  mercury  manometer. 
Pressure  could  be  varied  by  changing  the  level  of  the  eight  litre  reservoir. 
No  experiment  was  undertaken  unless  the  heart  was  beating  regularly  and, 
with  the  excejjtions  noted  later,  co-ordinately. 

An  effort  was  made  to  excise  the  sino-auricular  node  h  ith  the  slightest 
I^ossible  loss  of  auricular  tissue.  In  most  instances  this  was  accomplished. 
Occasionally,  however,  on  account  of  the  variation  in  the  anatomy  of  the 
node,  both  as  to  size  and  site,  more  tissue  was  excised  than  was 
necessary.  With  the  exception  of  five  experiments  (557,  558,  55!t,  560,  571), 
the  node  was  excised  in  two  stages,  as  follo\\s  (see  Fig.  1).     Incision  1  was 


Fin.  1.  In  this  ami  tlio  succetHliiig  figurrs,  S.V.t'.  is  the  suiierioi-  \ena  rava;  l.\'.C.  is  tlio 
inferior  vena  rava  ;  R.-^.A.  is  the  right  auricular  .appendix  Tlie  order  of  the  i-utsmado  in 
tlio  excision  of  the  node  is  indicated  by  the  mimboi-s.  1,  2,  3  and  4. 

made  at  the  point  of  junction  of  the  superior  vena  cava  w  ith  the  u^iper  Ijorder 
of  the  right  auricular  aj)i5endix,  across  the  up})er  end  of  the  sulcus  (taenia) 
terminalis.  This  was  followed  Ijy  incisions  2  and  ■!>,  lying  respectively  to 
the  right  and  to  the  left  of  the  sulcus  and  parallel  w  ith  it.  After  these  three 
incisions  had  been  made,  curves  were  taken.  In  addition  curves  were  some- 
times taken  between  incisions  1  and  2,  and  2  and  ■>.  A  final  incision  4, 
joining  the  lower  extremities  of  incisions  ~  and  o,  effected  the  excision  of 
the  node.  While  the  incisions  usually  corresponded  to  this  type,  there  were 
seven  ex])erinients  (564.  560,  570,  580,  581,  583  and  585)  in  which  it  was 
necessary  to  remove  additional  pieces  :  one  (57!)),  in  which  the  incisions 
were  made  in  the  ojijiosite  direction  (4.  2.  3,  1)  ;  and  two  (584  and  586)  in 
which  a  furtlier  (ipcratioii  consisted  in  the  cxtcnsinn  of  one  incision  to  tlie 
A-  V  groove. 

The  pieces  excised  were  put  aside  in  a  disli  of  Locke's  solution,  during 
the  period  of  the  experiment,  and  were  aftcrw  ards  sewn  on  to  cards  to  preserve 
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their  sha^ie  ;  the  edges  were  designated  superior,  inferior,  &o.,  to  facihtate 
their  subsequent  identification.  It  was  found  tluit  directly  after  removal, 
this  node  bearing  area  contracted  to  half  its  original  size.  The  pieces  so 
obtained,  together  with  the  hearts  themselves  were  fixed  in  formol-Mueller 
(1-!))  solution,  washed  and  jneserved  in  70  per  cent,  alcohol.  The  method 
of  imbedding,  cutting  and  staining,  is  described  in  a  previous  communication^ 
(p.  245).  In  each  case  all  the  sections,  cut  in  series  at  ten  micra,  were  jjre- 
served  and  mounted.  Calculations  of  the  length  of  the  node  were  made  by 
comj^uting  the  number  of  sections. 

The  position,  usually  assigned  to  the  node,  at  the  junction  of  the  superior 
vena  cava  and  the  upper  border  of  the  right  auricular  appendix,  was  found 
to  be  very  serviceable.  It  must  be  noted  though,  that  sometimes  it  begins 
higher,  and  at  others  lower,  along  the  sulcus  terminalis.  Occasionally  (as 
in  564,  584),  it  lies  in  ])art  in  the  wall  of  the  superior  vena  cava,  so  that 
incisions  planned  in  the  ordinary  fashion  fail  to  include  the  node.  At  other 
times  it  lies  unusually  far  to  the  right,  near  the  attachment  of  the  pericardium 
(see  Fig.  5).  It  is  due  to  variations  such  as  these,  that  the  outcome  of 
excision  experiments  cannot  always  be  accmately  predicted.  tSince  the 
whole  heart,  as  well  as  the  sinus  bearing  area,  was  invariably  preserved,  it 
was  possible  in  many  cases,  where  the  node  was  not  found,  either  in  whole 
or  in  part,  in  the  portions  excised  at  o])eration,  to  cut  additional  pieces  from 
the  hearts  in  series,  so  as  to  estimate  how  much  nodal  tissue  had  l)een  left 
behind,  and  in  what  situation.  This  cutting  of  portions  left  behind  served 
to  clarify  the  results  of  many  experiments  \\hich  would  otherwise  have 
remained  obscure.  It  must  be  noted  that  on  account  of  unequal  retraction 
of  the  layers  of  the  walls  of  the  heart  and  the  superior  vena  cava,  exact 
identification  of  the  contiguity  of  the  cut  edges  was  very  difficult  and  some- 
times imj^ossible.  But  although  the  fitting  of  the  cut  edges  to  each  other 
may  have  been  desirable,  enough  could  be  learned  to  provide  satisfactory 
explanations  of  the  experiments.  For  the  histological  details  reference 
should  be  made  to  the  ])rotocols. 

It  will  be  clear  from  the  foregoing  account  that  in  this  series  and  in 
spite  of  care,  the  node  was,  in  many  instances,  not  excised  in  its  entirety, 
either  in  the  first  or  in  subsequent  attempts.  These  failures  are  interesting 
as  controls  to  the  cases  where  the  node  was  completely  removed,  and  for  the 
many  valuable  side  lights  which  they  throw  upon  the  other  experiments. 

The  largest  node  in  this  series  measured  only  8  mm.  (8,000  micra)  in 
length,  while  the  greater  number  were  but  4  or  5  mm.  (4,000  to  5,000  micra). 
Koch^*  and  Lewis  and  0]ipenheimeri'  in  reporting  upon  the  size  of  nodes 
examined  by  them,  found  them  to  be  from  10  to  20  mm.  in  length,  but  in 
these  the  hearts  were  fixed  with  the  node  bearing  area  in  situ,  and  while 
shrinkage  of  some  degree  must  have  taken  ])lace,  the  amount  coidd  not  have 
lieen  so  great  as  in  the  small  ])ieces  preserved  from  the  liearts  in  these  ex- 
periments. The  difi'erence  in  method  accounts  no  doubt  for  the  smaller 
measurements  of  the   nodes   in   this  scries.     A  computation   of  the  square 
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area  of  the  node  at  any  i;iven  level  is  oinittetl,  lor  ohviously  .sueh  measure- 
ments would  not  give  useful  data  for  comparison  under  these  circumstances. 
The  nodes  in  the  sections  from  the  ])ieces  excised  were  easily  identified. 
The  fitrurtKre  eorresjjonded  closely  to  the  published  descriptif)ns.  While 
the  general  characteristics  of  nodal  tissue  are  easily  recognisable,  the  varia- 
tions from  type  are  of  interest.  'I'he  site  of  the  node  in  a  dog's  heart  varies  : 
it  is  always  fotuid  in  fairly  close  relation  to  the  ta-nia  terminalis,  and  is  some- 
times included  within  it.  but  more  often  it  is  found  directly  to  the  right  of 
this  structure  or  some  little  distance  from  it.  The  mass  of  tissue  of  which 
the  node  is  com])osed  varies  consideral)ly  at  the  point  of  its  greatest  diameter  ; 
sometimes  its  bulk  is  relati\-ely  large,  while  at  others  it  is  attenuated.  It 
usually  lies  under  the  jiericardium  and  is  sejiarated  from  the  endocardium 
by  a  considerable  layer  of  auriculai'  muscle.  Not  infrequently,  however, 
it  occu])ies  the  entire  sjiace  betw  een  endocardium  and  pericardium .  Although 
the  node  is  usually  found  under  the  ])ericardium  above,  at  its  lower  levels  it 
lies  somewhere  lietween  endo-  and  ijericardium,  lost  in  auricular  muscle 
but  never  directly  under  the  ]»ericardium.  Lewis  and  Oppenheimer'" 
describe  the  node  as  being  club-slia])ed.  It  seems,  however,  to  taper  at  the 
ends,  more  especially  at  the  lower  end.  so  that  it  ajipears  like  an  irregular 
inverted  cone,  w  ith  a  long  tajiering  a])cx.  Another  criterion  for  identification 
has  been  the  presence  of  an  artery  first  insisted  on  by  Koch.'^  In  the  nodes 
examined,  a  large  vessel  was  usually  ])resent  ;  occasionally  it  is  rejiresented 
by  several  smaller  ones,  and  rarely  it  is  absent.  Occasionally,  also,  the 
larger  vessel  lies  in  relation  to  the  node  in  its  lower  levels  alone.  The 
thickness  of  the  overlying  pericardium  and  the  amount  of  connective  tissue 
found  w  ithin  the  body  of  the  node  is  varialile.  The  pericardium  at  this  point 
is  usually,  but  not  always,  thicker  over  the  node  than  elsewhere.  Nerve 
fibres  and  ganglia  are  constantly  found  in  the  node,  although  the  number  of 
fibres  and  ganglion  cells  varies  considerably. 

///.      (leiicnil  ■sioiimari/  of  rc.'^ullf:. 

In  all,  thirty  experiments  were  jierformed  in  which  the  sinus  bearing 
area  was  excised.  Of  these,  seven  experiments  (577,  578,  570,  587,  588,  58'J 
and  590)  were  undertaken  after  other  manipulations  had  been  carried  out. 
These  constitute  the  experiments  in  groups  i?andCin  the  table  on  page  342. 
In  these  seven  experiments,  the  auricles  alone  were  contracting,  for  fibrillation 
of  the  ventricles  had  occurred  spontaneously  or  had  been  induced  by 
faradization.  The  fact  that  the  ventricles  were  fibrillating  in  these  cases 
does  not  detract  from  the  value  of  the  demonstration  of  the  control  of  the 
rhythm  and  rate  of  the  auricles  by  the  sino-auricular  node.  In  fact  an 
interesting  side  light  is  thrown  u]ion  the  subject  of  such  control,  notably  in 
Ex])eriment  588. 

The  plan  tor  excising  the  sinus  bearing  area  (i.e.,  by  means  of  four 
incisions,  with  an  interval  between  the  third  and  fourth  incisions),  will  be 
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remembered.  The  effect  usually  noted  after  the  excision  of  the  node  was 
stoppage  of  the  whole  heart.  In  the  thiity  experiments  stoppage  after  the 
fourth  incision  occurred  in  twenty-four.  In  the  remaining  six,  sto]i]iage 
was  not  determined.  In  two  (557  and  558)  there  is  no  note  referring  to  it 
in  the  protocols.  Init  there  was  a  reduction  in  rate  from  114  to  SI  '.I  or  31- 1 
beats  per  minute  and  from  121-5  to  63  or  58-5  beats  per  minute  respectively. 
In  a  third  experiment  (577)  although  there  was  no  stoppage,  the  occurrences 
during  the  experiment  indicate  that  the  node  had  been  excised.  In  the 
twenty-four  experiments,  and  also  in  the  three  additional  ones  (557,  558,  577), 
the  sino-auricular  node  had  been  completely,  or  almost  comiiletely,  excised. 
That  is  to  say  in  90  per  cent,  of  the  cases  stoppage,  or  its  equivalent,  occurred 
after  the  node  had  been  removed  either  entirely  or  in  greater  part. 

Of  the  remaining  three  experiments  (562,  563  and  570)  in  which  no 
stoppage  is  recorded,  the  auricular  rate  increa.sed  30-6  in  one  and  fell  3-6 
and  43-5  ])cr  minute  resjjectively,  in  the  others.  In  No.  562.  there  was  no 
stopijage,  although  the  node  was  probably  excised  in  greater  part  (6,040 
micra)  :  the  same  is  to  be  noted  of  No.  570,  where,  after  the  excision  of  8,760 
micra,  it  seems  unlikely  that  much  of  the  node  could  have  been  left  behind. 
In  No.  563,  however,  only  2,990  micra  were  excised,  enough  of  the  node 
remaining  to  explain  why  stoppage  did  not  occur.  It  will  be  seen  in 
examining  Table  1  that  although  in  other  exjaeriments  (576,  579,  582  and 
590)  stoppage  occurred  when  amounts  of  nodal  tissue  as  small  as  that  in 
No.  563  (2,990  micra)  were  taken  out,  the  excision  of  amounts  as  large  as 
those  removed  in  No.  562  and  570  (6.040  and  8.760  micra)  invariably 
produced  a  stoppage. 

Thus  there  are  discrepancies  between  the  amount  of  nodal  tissue  removed 
and  the  results  of  such  removals.  But,  on  the  whole,  it  may  be  said,  in  spite 
of  the  three  exceptions,  that  when  the  greater  part  of  the  node  is  removed,  a 
stoppage  of  the  heart  takes  place  and,  as  will  be  pointed  out  later,  a  reduction 
in  rate  ensues.  There  were  actually  ten  experiments  (Table  1.  Ic)  in  which 
small  amounts  of  node  were  left  behind,  without  altering  the  result,  namely 
the  occurrence  of  stoppage  or  its  equivalent.  But  sometimes  when  similar 
small  amounts  were  left  behind  stoppage  did  not  occur.  Inconsistent 
results  of  a  like  nature  have  been  observed  in  dividing  the  A-  V  bundle,  and 
they,  too,  remain  unexplained.  The  method  employed,  the  perfusion,  the 
trauma,  the  disturbance  of  the  circulation  with  consequent  oedema  or 
ana?mia  of  the  tissues,  may  serve  as  partial  explanations.  It  is  probable 
that,  under  varying  conditions,  at  one  time  a  small  part  of  nodal  tissue  with 
a  good  nutrient  supply  may  be  functionally  sufficient,  while  at  another  time 
a  large  amount  in  the  absence  of  such  supply  may  be  insufficient.  But 
it  must  be  urged,  that,  despite  the  untoward  conditions  (it  is  hoped  at  a 
later  day  to  report  similar  experiments  with  a  normal  circulation),  the 
uniformity  in  SO  to  90  per  cent,  of  the  experiments  is  remarkable. 

The  stoppage  time  varied  within  wide  limits.  The  shortest  time  noted 
was  4  seconds  ;    the  longest,  3  minutes.     Stoppage  of  less  than  10  seconds 
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occurred  in  six  exiieriments  ;  between  10  and  20  seconds  in  four  ;  between 
20  and  .'!0  seconds  in  seven  ;  between  30  and  40  seconds  in  t\\  o  ;  between 
40  and  50  seconds  in  one  ;  w  liile  in  the  four  others,  stojipage  hasted  fi;")  seconds 
in  No.  585;  92  seconds  in  No.  572;  117-5  seconds  in  No.  576;  and  ISO 
seconds  in  No.  58!).  It  will  be  seen  that  the  heart  usually  ceased  to  beat 
for  .lO  seconds  or  less  (17  experiments).  Occasionally,  the  interval  between 
the  first  and  second  contractions,  after  the  excision  of  the  node,  was  greater 
(ban  the  stoppage  itself.  There  can  be  little  doubt  that  the  stoppage  occurs 
because  a  certain  amount  of  time  is  required  before  the  auricle  or  some  other 
structure  takes  up  the  jiacemaking  function. 

Simple  incisions  in  the  neighbourhood  of  the  sinus-node  usually  increase. 
the  rate.  It  will  lie  remembered  that  curves  were  obtained  after  tlie  third 
incision.  In  the  first  four  experiments  (557,  558,  559,  560)  and  in  two  later 
ones  (571  and  57!t)  the  experiments  were  so  performed  that  accelerations 
after  these  incisions  could  not  be  estimated.  In  the  remaining  twenty-four 
ex]ierinients  in  which  an  estimation  of  the  rate  after  the  first  three  incisions 
could  be  made,  an  acceleration  was  noted  in  twenty-t\\  o.  The  exceptional 
cases  (570  and  586)  in  which  there  was  no  increase,  but  a  decrease  in  rate, 
will  be  considered  later.  The  lowest  rate  of  acceleration  was  0-33  per  minute 
in  No.  590,  while  the  highest  rate  was  50-4  in  No.  565.  The  acceleration  was 
below  ten  beats  per  minute  in  sixteen  experiments  (562,  563,  564,  575,  576, 
577,  580,  581,  582,  583,  584,  585,  587,  588,  589  and  590)  ;  it  was  between 
10  and  20  beats  in  No.  578,  between  20  and  30  beats  in  Nos.  567  and  572, 
between  30  and  40  Ijeats  in  Nos.  561  and  569  and  between  50  and  60  beats  in 
No.  565.  In  view  of  the  acceleration  wliich  took  place  in  by  far  the  greater 
nundier  of  the  available  experiments,  it  seems  extremely  unlikely  that  a  simple 
incision,  or  even  multiple  incisions  in  the  region  of  the  sino-auricular  node, 
no  matter  how  placed,  can  be  held  responsible  for  the  stoppage  phenomenon. 
To  bring  about  this  result,  total  or  partial  excision  is  necessary.  It  may  be 
that  the  proper  incision  has  not  been  made  to  effect  the  result  claimed  by 
Hering,^  that  an  incision  alone  in  this  area  causes  stoppage,  and  it  may  be 
urged,  that  there  are  three  experiments  (564,  584,  586)  even  in  this  series 
where  such  a  result  has  been  obtained.  But  it  is  certain  that  the  conditions 
in  these  three  cases  are  special  ones.  If  the  result  in  them  was  due  to  the 
incision  practised,  then  it  is  curious  that  the  same  result  should  not  have 
occurred  in  more  of  the  remaining  experiments.  This  consideration 
emphasises  the  fact  that  an  incision  in  itself  cannot  be  held  accountable  for 
the  stoppage  phenomenon,  providing  that  it  lies  outside  the  node. 

But  there  are  a  number  of  experiments  in  w  hich  incisions  traverse  the 
body  of  the  node  itself.  Eleven  experiments  (563,  569,  570,  576,  577,  582,  583, 
584,  585,  588  and  589)  present  these  conditions.  Stoppage  did  not  take  place, 
while  in  ten  cases  acceleration  in  auricular  rate  occurred.  Incisions  may  be 
made,  therefore,  both  in  the  neighbourhood  of  the  node,  and  through  the 
body  of  the  node  itself,  without  causing  stoppage.  In  view  of  these  results 
Bering's  arc  difficult  to  understand. 
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Excision  of  the  node  effects  not  only  a  stoppage,  but  a  decred'Se  in  (he  nde 
takes  place  after  the  primary  effects  of  the  excision  have  ])assed  away. 
It  has  been  said  that  there  were  twenty-four  exjierinients  in  which  the  heart 
stopped  after  the  node  had  been  excised,  and  to  these  three  others  (557, 
558  and  577)  were  added,  for  reasons  already  mentioned,  making  twenty- 
seven  in  all.  In  all  but  one  of  these  (588),  that  is  to  say  in  twenty-six,  the 
rate  fell.  It  fell  less  than  ten  beats  per  minute  in  three  experiments  ; 
between  10  and  20  beats  in  three  ;  between  30  and  40  beats  in  seven  ;  between 
40  and  50  in  seven  ;  between  50  and  60  beats  in  three  ;  between  60  and  70 
beats  in  four.  In  twenty-one  experiments,  thei'efore,  the  rate  fell  more 
than  30  beats. 

From  the  j)oint  of  view  of  reduced  rate,  three  experiments  must  still  be 
considered.  They  differ  from  the  preceding  twenty-seven  because  there 
was  no  stoppage.  In  No.  562,  the  rate  rose  30-6  beats  (57-9  to  88-5)  ;  tiiough 
a  piece  of  tissue  bearing  6,040  micra  of  node  was  removed,  the  node  had  not 
been  entirely  excised.  In  No.  563,  the  rate  fell  only  3-6  beats  (88-5  to  84-9)  ; 
that  is  to  say,  there  was  no  conspicuous  change  as  a  result  of  the  excision  ;  a 
considerable  portion  of  the  node  was  subse([uently  found  to  have  been  left 
behind.  In  No.  570,  the  rate  fell  43-5  beats  (118-5  to  75)  ;  it  fell  to  a  rate 
which  is  higher  than  that  usually  obtaining  after  excision  of  the  node. 
Although  8,760  micra  of  node  were  excised,  it  is  possible  that  nodal  tissue 
in  sufficient  quantity  to  jirevent  stoppage  and  to  maintain  the  rate  at  75 
had  been  left  behind.  No.  588  is  added  at  this  point,  although  there  was 
stojipage,  for  the  rate  TO.se  3- 15  beats  (50-1  to  53-25).  This  rise  cannot  be 
considered  significant,  for  the  ventricles  were  in  fibrillation  and  the  auricles 
beat  irregularly  in  response  to  the  fibrillating  ventricles.*  It  may  be  said, 
therefore,  that  an  excision  of  the  node  causes  a  decrease  in  the  rate  of 
the  heart,  except  in  cases  where  good  reason  for  a  contrary  result  can 
be  found. 

There  were  seven  ex])criments  (564,  56!),  570,  580,  581,  583  and  585) 
in  which  the  node  was  not  excised  in  one  piece,  and  in  which  additional 
pieces  were  removed.  These  additional  pieces  were  cut  away  during 
the  experiment  because  it  was  i^resumed  from  the  failure  of  a  reduction 
in  rate  that  nodal  tissue  must  have  been  left  behind.  In  No.  564, 
the  rate  fell  1-5  beats  per  minute  (87  to  85-5)  after  the  first  piece 
had  been  removed,  and  39-6  beats  (85-5  to  45-9)  after  the  excision  of  the 
second  piece,  a  total  decrease  of  41-1  beats.  There  w^as  stoppage  of 
9  seconds,  but  no  nodal  tissue  was  removed.  In  No.  569  it  rose  34  beats  (114 
to  148)  after  the  excision  of  the  first  piece,  fell  3  beats  (148  to  145)  after  the 
excision  of  the  second,  fell  31  beats  (145  to  1 14)  to  the  original  rate,  after  the 
excision  of  the  third  piece,  and  only  after  the  excision  of  the  fourth  piece 
was  there  stoppage  (4-25  seconds).  A  portion  of  the  node  was  found  in  this 
fourth  piece.     In  No.  570  two  pieces  were  excised  :    after  the  first  had  been 

*  See  note  on  jjage   'i'lij. 
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removed,  the  rate  fell  iM-i)  heats  (lIS-5  to  '.i:;(i)  and  alter  t!ie  second,  8-2  heats 
(83-2  to  75)  hut  there  was  no  slo])|)age.  Portions  of  the  node  were  found  in 
both  pieces.  In  No.  580,  after  tiie  excision  of  the  first  })iece,  the  rate  fell 
0-fi  beats  (MS't  to  45ii)  ;  after  the  excision  of  the  second,  it  rose  2-7  beats 
(45!l  to  48())  ;  after  the  exeisi<in  of  a  third  piece  there  was  stoppage  of  24 
seconds.  The  mule  was  found  in  the  third  piece.  In  No.  581,  after  the 
first  excision,  there  was  stop])age  of  27-5  seconds.  Subsequently  the  rate, 
as  compared  to  the  original  rate,  had  fallen  41-1  beats  (77-7  to  36-6).  A 
higher  rate  (<)'.!)  then  set  in,  for  the  ventricles  were  fibrillating.  A  second 
piece  was  excised,  and  the  rate  fell  4-2  Ijeats  (60  to  (54-8)  ;  the  experiment  is 
added  here  for  completeness  only,  for  it  is  not  illustrative.  In  No.  583,  the 
rate  rose  l!l-S  beats  (582  to  78)  after  the  excision  of  the  first  piece,  and  fell  24 
beats  (78  to  54)  to  about  the  original  rate  after  the  excision  of  the  second  piece, 
while  after  the  excision  of  the  third  piece  there  was  stoppage.  About  one 
quarter  of  the  node  lay  in  piece  3.  In  No.  585,  the  rate  rose  4- IS  beats 
(54-8  to  58-98)  after  the  excision  of  the  first  piece,  and  after  the  excision  of  the 
second,  there  was  stoppage  of  65  seconds.  The  second  piece  contained  1,410 
micra  of  the  node.  It  is  quite  clear,  therefore,  that  excision  of  pieces  of 
tissue  from  this  region,  does  not  by  itself  cause  stoppage  or  a  reduction  in 
rate.  The  seven  cases  which  have  just  been  descriljed  and  in  which  i^ieces 
had  been  excised  before  the  node  had  been  satisfactorily  removed,  maintained 
their  rate  at  a  sjieed  either  eipial  to,  or  above,  that  which  «as  exhibited  before 
the  excisions.  \Vhen.  finally,  a  portion  was  excised  and  stoppage  and 
slowing  occurred,  this  jjiece  was  found  to  contain  a  large  portion  of  the  node. 
These  seven  exi)erinients  are  therefore  of  exce])tional  interest  and  value. 
It  is  ijuite  clear  from  a  consideration  of  them,  that  excision  of  ])ieces  of  tissue 
from  this  region  does  not  by  itself  cause  stoppage  or  a  reduction  in  rate. 
An  excejition  in  No.  570  will  be  discussed  later. 

Observations  liave  also  been  made  to  determine  the  site  of  the  tissue 
which  assumes  the  secondart/  pafniKikiiuj  function  after  the  sino-aiiricular 
node  has  l»een  excised.  Auricular  contraction  was  found  to  precede  ven- 
tricular contraction  in  twenty-one  experiments*  ;  from  these  twenty-one, 
seven  (577,  578,  579,  587,  588,  58!)  and  5!l0)t  should  properly  be  deducted 
because  at  the  time  the  node  was  excised  the  ventricles  were  already  in  a 
state  of  fibrillation,  and  only  the  auricles  were  beating  co-ordinately. 
Ventricular  contraction  set  the  pace,  preceding  that  of  the  auricles,  in 
seven*  (564,  565,  567,  571,  582,  585  and  586)  exjieriments.  In  two*  (557 
and  560)  auricle  and  ventricle  beat  practically  simultaneously.  Of  the 
seven  cases  in  which  the  ventrit-nlar  contractions  set  the  pace,  the  auricles 
had  ceased  to  contract  in  three  only.  It  is  apparent  from  these  facts,  tliat 
after  incisions  or  excisions  in  the  region  of  the  node,  the  auricles  do  not 
permanently   cease  contracting   as   has  been    claimed   l)y   Langendorf?    and 


*  Sc-   ■\\:\Ar    1. 
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Lehmann,''  but  tliat,  on  the  contrary,  in  the  majority  of  cases  they 
set  the  pace  for  tlie  ventricular  contractions.  It  was  thought  at  first  that 
when  the  auricles  set  the  pace  for  the  ventricular  contractions,  after  excision 
of  the  node,  a  higher  rate  might  be  developed  than  when  the  ventricular 
contractions  had  control.  A  study  of  Table  I  will  show  that  this  expectation 
is  not  fully  realized,  for  the  ventricles  sometimes  beat  at  a  relatively  high  rate, 
as  in  Nos.  504,  505  and  571.  But  the  table  shows  that  when  the  auricular 
contractions  set  the  pace  they  usually  developed  a  higher  rate  than  when 
the  ventricular  contractions  did.  On  the  other  hand,  when  the  ventricular 
contractions  set  the  pace  they  may  beat  at  a  slower  rate  than  is  ever  reached 
when  the  auricle  is  the  pacemaker. 

/  V.     Protocols  of  the  experiments. 

Experiment  557. 

The  heart  was  perfused.  Tlie  rate  was  114  per  minute.  The  .9- .4  node  was  excised,  the 
area  excised  extending  from  the  superior  vena  cava,  wide  of  the  sulcus  terminahs,  well  down  the 
wall  of  the  auricle.  Tlie  heart  rate  afterwards  was  81-il.  The  auricles  and  ventricles  beat 
synchronoiislw 

Histohgy.  The  node  passes  through  .5,000  micra.  It  lies  to  the  right  of  the  taenia  tenninalis. 
Its  shape  is  that  of  an  inverted  cone.  The  jjericardiuni  over  it  is  thick.  It  is  in  relation  to  a 
vessel,  to  nerves  and  ganglia.  Tlie  entire  node  was  probably  excised,  though  a  small  piece  of 
its  lower  end  may  have  Ijcen  left  liehind.     Every  fifth  section  in  this  series  was  mounted. 

E.rpcritucnt  55S. 
The  heart  was  perfu.sed.     The  rate  was  121-5.     The  S- A  node  was  excised.     The  excision 
extended  from  high  upon  the  superior  vena  cava,  almost  down  to  the  inferior  vena  cava.     The 
rate    afterwards  was  (i.'},  and   fifteen   minutes  later  it  was  58-5.     The    auricular    preceded    tlie 
ventricular  contraction. 

Histology.  The  node  passes  through  5.700  niiera.  It  lies  to  the  right  of  the  tienia  terminalis. 
Its  shape  is  cylindrical.  The  pericardium  over  it  is  tliicU.  It  is  in  relation  to  vessels,  nerves 
and  ganglia.  There  is  more  than  the  usual  amount  of  connective  tissue.  The  node  has  been 
completely  excised. 

Experiment  559. 

The  heart  was  perfu.sed.  The  rate  was  Hi).  The  .S'- .-1  node  was  excised.  There  was  complete 
cessation  of  the  heart  beat  for  about  30  seconds.  The  subsecjuent  rate  was  3().  At  first  the 
ventricle  set  the  pace  for  the  auricular  contractions,  then  the  ventricular  and  auricular  con- 
tractions were  synchronous,  while  later  the  ventricular  jireceded  the  auricular  contractions. 
Five  minutes  later  the  auricular  jireceded  the  ventricular  contractions.  The  rate  was  33'!)  per 
minute,  later  it  became  32'7. 

Histoluyy.  The  node  passes  through  7,830  micra.  It  lies  to  the  right  of  tlie  taenia  terminalis. 
At  the  lower  level,  it  lies  slightly  more  toward  the  atrium.  The  vessel  is  found  in  the  lower  part 
only.  There  are  only  a  few  ganglion  cells.  The  pericardium  is  not  thick.  The  node  lias  been 
completely  excised. 

Experiment  500. 

The  heart  was  perfused.  The  rate  was  81.  Tlie  area  of  the.S-  .4  node  was  excised,  when  the 
wliole  heart  ceased  to  beat  for  a  period  of  from  20  to  30  seconds.  At  first  the  rate  was  18-75. 
'I'he  auricles  and  ventricles  beat  synchronously,  the  rate  later  being  27-75.  Then  tlie  ventricular 
preceded  the  auricular  contractions  by  0-08  seconds,  the  rate  being  31-8. 

Histology.  The  node  passes  through  5.520  micra.  It  is  in  relation  to  a  vessel,  ner\-e3  and 
ganglia.  The  pericardium  over  the  node  is  thick.  Its  shape  is  that  of  an  inverted  coue.  The 
node  has  iiecn  entireh'  excised. 

Experiment  561. 
The  heart  was  perfused.     The  rate  was  90.     The  area  of  the  S-  .4  node  was  excised  in  two 
stages.     Incisions  1,  2  and  3  were  made,  after  which  the  rate  was  123.     Incision  4  was  then  made, 
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tluis  completing  tlie  excision  of  the  node.  Tliero  was  cessation  of  tlie  heart  beat  for  4  scconils. 
The  subsequent  rate  was  21,  the  auricular  contractions  preceding  the  xentricolar  by  0-12  seconds. 
The  rate  then  rose  to  3(t,  and  .3  minutes  later  to  51  :   linally,  22  minutes  later,  it  dropped  to  -1.5. 

Histologij.  The  node  i>asses  through  4,330  micra.  It  lies  to  the  right  of  the  tauiia  terminalis. 
Its  shape  is  that  of  an  inverted  cone.  The  picricardiuni  over  it  is  thin.  The  vessels  in  relation 
to  it  are  small  and  present  in  the  lower  levels  onl\-.  Tliere  are  but  few  nerves  and  ganglia.  A 
considerable  amount  of  nodal  tissue  was  left  at  the  top  and  a  small  amount  below.  The  node 
had  not  been  excised  completely. 

Experiment  502. 

The  heart  was  perfused.  The  rate  w-as  57-9.  Incisions  1,  2  and  3  were  made,  after  uliich 
the  rate  rose  to  (53.  Incision  4  was  then  made,  completing  the  excision  of  the  node  bearing  area. 
The  rate  rose  to  88-5.  There  was  no  stojipage.  The  rate  subsequently  dropped  to  72.  The 
auricular  preceded  the  \  entricular  contractions. 


Histologij.  The  node  passes  through  6,040  micra.  There  is  nodal  tissue  remaining  above  * 
and  also  below  to  the  right  (Fig.  2).  The  |iericardium  is  thick.  The  node  lies  in  relation  to 
ganglia  and  to  a  small  vessel  at  the  lower  extremity  only.  The  sliaded  portion  in  the  figure 
indicates  the  position  of  the  S-  A  node. 

E.epi ihnrnt  563. 

Tlie  heart  was  perfused.  The  rate  was  SS-.").  Incisions  i,  2  and  3  were  made,  when  the  rate 
rose  to  Oti-y.  .\fter  incision  4.  excision  of  the  node-bearing  area  was  completed  and  the  rate 
fell  to  03-9.  The  rate  later  rose  to  79-J.  Six  minutes  later,  it  fell  to  (io-o,  while  .seven  mimites 
later  it  rose  again  to  84-9.  There  was  no  stoppage.  The  auricular  contractions  preccileil  tlie 
ventricular. 

Histoloiji).  The  node  passes  through  2.990  micra.  A  considerable  portion  of  the  top  is  left 
behind.  Some  of  the  node  also  remains  below.  It  lies  beneath  the  right  portion  of  the  ta5nia 
terminalis.     The  pericardium  is  thick.     It  is  in  relation  to  a  vessel  and  a  few  ganglion  cells. 


Experiment  564. 


The  heart  was  perfused.  The  rate  was  87  and  ten  minutes  later  it  was  8(v2,'i.  Incisions  1, 
2  and  3  were  made  (i  in  Fig.  3)  and  then  the  rate  rose  to  93.  After  incision  4  (2  in  Fig.  3)  the 
rate  fell  to  85-5.  There  was  no  stojipage.  A  pair  of  jmrallel  incisions  {3  in  Fig.  3)  were  then 
made.  One,  that  to  the  right,  ran  at  a  slight  angle  to  the  sulcus  tenninalis.  There  was  stojijiage 
of  the  whole  heart  for  9  seconds,  after  wliich  the  ventricular  set  the  pace  for  the  auricular  con- 
tractions. Twenty-four  such  contractions  occurred  in  33-75  seconds.  Then,  after  the  cessation 
of  the  whole  heart  for  12  seconds,  the  rate  was  18-9.  The  excision  (incision  4  in  Fig.  3|  of  the 
second  piece  was  then  completed.  The  rate  was  28-5.  The  auricular  ami  ventricular  con- 
tractions were  synchronous.  Later  the  ventricular  preceded  the  auricular  contractions  by  0-12 
seconds.     The  rate  was  finally  45-9. 

Hislolocjy.  In  neither  of  the  pieces  exci.scd,  can  nodal  tissue  be  seen.  The  rest  of  the 
auricle  left  behind  was  cut  in  series.  The  node  was  identified  in  this  througih  1,840  micra, 
beginning  high  in  the  antero-left  wall  of  the  superior  vena  cava.  The  node  is  in  relation  to  a 
vessel,  nerves  and  ganglia.  The  situation  of  the  nocie  in  reference  to  the  exci.sed  area  is  seen 
in  Fig.  4. 


*  The  drawing  does   not   indicate  tins  relation;    the  nodal  tissue  should  have  been  draw n 
to  cross  line  /. 


324 


COIIN,     K  ESS  EL,    AND    MASON. 


llNf    Of  ,      / 

ATT'KrftMtNI 


Fig-  3. 


Fig.  4. 


Experiment  565. 

The  heart  was  perfused.  The  rate  was  93  :  seventeen  minutes  later  it  was  70-5.  The  usual 
incisions  1.  2  and  3  were  made,  after  whit-h  the  rate  rose  to  120-!( ;  one  minute  later  it  was  !).'$. 
Incision  i  was  then  made,  and  the  licart  stopped  for  25-7  seconds.  .4fter  this  the  ventricular 
preceded  the  auricular  contractions  liy  0-1  seconds  and  the  rate  was  24-lt.  Between  the  first 
and  second  systoles  after  sto[)page  there  was  an  interval  of  'J-2.5  seconds  ;  between  the  second  and 
third,  (3  seconds  ;  between  the  third  and  fotn'th.  4-3  seconds  :  between  the  fourth  and  fifth, 
S-5  .seconds.  Fifteen  minutes  later,  the  rate  was  3li-'J  and  the  Vs-  As  interval  0-1  to  0-2  seconds. 
The  rate  was  33,  and  34  minutes  later  27-5. 

Histology.  The  node  passes  through  4,300  niicra.  It  is  in  relation  to  a  small  vessel,  ganglia 
and  nerves.     The  node  was  entirely  excised.     The  node  lies  to  the  right  of  the  tajnia  terminalis. 

Experiment  567. 

Thirteen  minutes  after  the  heart  was  suspended,  the  ventricles  began  to  fibrillate.  Twenty 
c.c.  of  a  1  per  cent,  potassium  iodide  solution  were  injected,  after  which  the  heart  beat 
co-ordinatedly  and  regularl\',  the  rate  being  (J8-2.'>.  Incisions  1,  2  and  ,3  were  made  and  the  rate 
increased  to  E(3.  After  the  fourth  incision,  the  heart  stopped  for  10-2  seconds  and  the  rate  then 
fell  to  0-9.  Between  the  first  and  second  contractions  there  was  a  pause  of  27'25  seconds; 
between  the  second  and  third,  one  of  about  2;j  seconds  ;  between  the  third  and  fourth  one  of 
50-2o  seconds.  At  first  the  auricles  and  \-entricles  beat  s.vnchronouslj',  later  the  ventricular 
preceded  the  auricular  contractions.  Later  still  (fourteen  minutes  after  the  fourth  incision)  the 
auricles  ceased  to  beat.  The  rate,  twenty-five  minutes  after  the  fourth  incision,  rose  to  29-25  ; 
the  experiment  was  then  stopped. 

Histology.  The  node  jiasses  through  o,.550  micra.  The  pericardiinn  o\er  the  lower  levels 
of  it  is  thick.  The  node  is  in  relation  to  nerves  and  a  vessel.  .\  portion  of  it  remains  at  the  top 
and  jirobably  a  slight  amount  below.  It  lies  between  and  stretches  from  the  [jericardiura  to  the 
endocardium,  just  a  little  to  the  right  of  the  tfenia  terminalis.  In  some  parts  it  is  triangular, 
and  in  others  saddle  shaped,  the  saddle  lit  ting  over  the  taenia,  viewed  in  cross-section. 

Experiment  569. 
The  heart  was  perfused.     The  rate  was  118-."),  then  114.     Incisions  1,  2,  3  and  4  were  made, 
when  the  rate  rose  to  148.     There  was  no  stoppage  after  the  excision  of  the  first  piece.     A  second 
piece  was  excised  (Fig.  o)  after  which  the  rate  was  145.     A  third  piece  was  excised  from  the 


Fig. 


anterior  portion  of  tlie  superior  \'cna  ca\'a.  when  the  rate  fell  to  I  14       A  fourth  piece  was  e.vei.sed 
at  the  angle  of  junction  of  the  sui^erior  vena  cava  and  the  right  auricular  ajipcndix.      Then  there 
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was  imniediatp  sfoiiiiase  fnr  4-2")  spoonds.  The  ratp  was  CCi.  tlip  vpiitrioular  splliiip;  tlio  pace  for 
tlip  auricular  contractions.  Hptwppn  the  tlrst  and  scconri  contractions  after  stoppaj^'c  there  was 
a,  patise  nf  4-25  seconds  ;  f)etwepn  tlie  second  and  third,  of  l()-7.">  secon<is  ;  Ijetwccn  the  third  and 
fonrth,  of  o seconds  ;  between  thefoin'tli  and  fifth,  of  ;{  seconds  :  between  tlie  (if 111  and  sixth,  of 
2-.'{  seconds.  Two  and  a  half  minutes  later  the  rate  was  o2'.").  Auricular  now  preceded  \entricular 
contraction,  the  .4s- Fs  interval  being  O-l  seconds.     Finally  the  rate  was  31-8. 

Histohnjij.  Piece  1.  The  node  passes  tlirough  3,()00  niicra  ;  very  little  superfluous  tissue 
is  removed.  It  lies  to  the  right  of  the  tasnia  terminalis.  Its  general  shape  is  that  of  an  inverted 
cone,  but  its  apex  lies  nearer  the  endo-  than  the  pericardium.  The  middle  portions  are  flatter, 
the  upper  |iortions  more  circular.  It  lies  in  relation  to  a  vessel,  nerves  and  ganglia.  Piece  3 
was  not  examined.  Piece  Z  contains  no  nodal  tissue.  Piece  i.  The  node  passes  through  300 
micra  ;    it  is  completely  excised. 

Experiment  570. 

The  heart  was  perfused.  The  rate  was  118-5  and  later  10(!-o.  The  node  was  excised  by 
incisions  1.  2.  3  and  4  (1  in  Fig.  (i).  Afterwards  the  rate  fell  to  !t3-(i  and  then  to  83-25.  There 
was  no  sto])page.  A  second  (2  in  Fig.  ti)  piece  was  exciseil.  Stoppage  did  not  occur,  though  the 
rate  fell  to  75. 


Fig.  6. 

Hislologt/.  The  node  passes  through  S,7l>0  micra.  The  pericardimii  is  thick.  It.  lies  to  the 
right  of  the  taenia  terminalis.  The  shape  of  the  node  is  that  of  an  inverted  cone.  It  is  in 
relation  to  a  \'essel  and  to  nerves.  It  is  found  in  those  portions  of  both  yiieces  which  are  adjacent 
to  each  other.  .At  the  upjier  part  of  piece  2,  nodal  tissue  is  seen  and  is  well  developed.  Here  a 
considerable  amount  of  nodal  tissue  may  have  been  left  beliind.  The  entire  node  has  probably 
not  been  excised. 

Comment  :  The  aljsence  of  stoj>page  after  the  excision  of  both  pieces  was  tlue  to  the  fact 
that  a  large  jiortion  of  tlie  node  had  ])rol)ably  Iieen  left  beliintl. 


Expcriitiint  671. 
The  heart  \\-as  pei-fused.  The  rate  was  !)l).  The  aiirii-les  were  not  contracting.  A  moder- 
ately wide  excision  of  the  iS'-.4  node  was  made  in  one  stage.  Though  the  auricles  cmikl  not  be  seen  to 
contract,  the  ventricles  stoiijieil  for  7-5  seconds.  The  rate  after  the  excision  was  23-2.'i.  then  rose 
to  32-25,  and  later  to  33-11.  Interpolated  ventricular  extra.systoles  were  produced  by  induction 
shocks  ;  it  is  likely,  although  auricular  (-ontractions  were  not  seen,  that  the  auricles  may  still 
have  been  setting  the  pace. 

Histuloi/i/.  The  node  passes  through  4. 250  micra.  It  lies  to  the  right  of  the  twnia  terminalis 
and  is  somewhat  saddle  shaped  in  cross  section.  The  pericardium  over  the  node  is  thick.  It  is 
in  relation  to  a  \  essel,  but  there  are  no  nerves  and  ganglia  to  be  seen.  The  node  w  as  inconipletelj- 
excised.     A  considerable  amount  of  nodal  tissue  was  left  in  below. 

E.rperiment  572. 
The  heart  was  perfused.  The  rate  was  82-5.  After  incisions  1,  2  and  .3.  the  rate  rose  to  111. 
After  excision  there  was  stojipage  for  92  seconds.  After  this  the  rate  varied  between  42  and  22. 
The  auricular  jireceded  the  ventricular  contractions;  later  the  auricles  ceased  to  register  their 
contractions  but  these  could  be  seen  and  were  indicated  by  |ieiuil  marks  on  the  curve;  there 
was  A-V  dissociation,  22  :  (i-O. 

HinUiltiijii.  The  node  passes  tliroiii_'h  5.350  micra,  It  lies  to  I  he  ni^lit  of  the  ta:>nia  terminalis. 
Its  shape  is  that  of  an  inverted  cone.  The  jiericardium  over  it,  and  the  connective  tissue  tlirough 
it,  are  both  thicker  than  usual.  It  is  in  relation  to  a  ve.ssel,  nerves  and  ganglia.  The  node  has 
been  coni|iletely  excised,  and  the  least  pcssiLle  auricular  tissue  has  been  removed  with  it. 
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Experiment  076. 

The  lieart  was  pcrfiisod.  TIio  rate  \v>is  GO-U.  After  incisions  1,  2  and  3  tlie  rate  rose  to  (J4-j. 
After  excision  of  the  6'--4  no;lo  there  was  stojJiJage  of  the  auricles  for  4  seconds,  and  t)ie  ventricles 
fibrillatcd  immediately.  There  was  now  a  complete  auricular  irregularity,  the  rate  being  47-4. 
The  A-V  bundle  was  then  cut,  and  the  auricles  beat  regularly,  their  rate  being  lU-8.*  It  is 
interesting  to  note  in  this  and  in  other  experiments  where  the  ventricles  were  fibrillating  that  the 
auricles  certainly  continuetl  to  contract  {see  Langcndorft"  and  Lehmaim). 

Histokujij.  The  node  jiassos  through  5,740  niicra.  It  is  an  invertetl  cone  and  is  in  relation 
to  a  vessel  and  to  nerves.     The  node  was  completely  excised.     The  A-V  bundle  is  divided. 

Experiment  576. 

The  heart  was  perfused.  The  rate  was  51  and  later  S.'J'4.  .-^fter  the  thii'd  incision  tlie  rate 
was  02'4.     After  the  fourth  incision  there  was  stoppage  for  117-5  seconds  (Fig.  7).     The  auricles 
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Fig.  7.  Experiminl  am.  Sliows  excision  of  the  5'-.4  node.  Incisions  i,  :^' ami  o  with  stopjiage 
after  incision  4  are  shown.  There  is  stoppage  of  117-5  seconds.  The  return  of  tlie  auricular 
and  \'entricular  contractions  are  seen  at  the  end  of  the  cur\e.  The  dotted  lines  in  this 
and  in  succeeding  cur\es  indicate  that  portions  of  the  curv-es,  during  which  no  contractions 
of  the  heart  occurred,  have  been  omitted. 

and  ventricles  then  began  to  beat  again,  the  auricular  preceding  the  ventricular  contractions 
at  the  rate  of  22-5  and  then  2.3-1.  Ventricular  fibrillation  was  induced  by  faradization.  The 
auricular  rhytlun  was  completely  irregular,  the  rate  being  36-9.  The  A-V  bundle  was  then  cut 
and  after  a  few  contractions,  the  auricles  ceased  to  beat.  Two  and  a  half  minutes  later  they 
began  to  beat  regularly,  the  rate  being  21-6  and  later  24-9.  After  a  rise  in  tlie  pressure  (30  to 
45  ram.)  the  auricles  contracted  irregularly,  the  rate  being  at  first  unchanged  but  later  rose  to  57. 
The  rate  fell  again  to  35-4  and  30-3  while  the  rhytlun  remained  regular. 

Histohyij.  The  S-A  node  measured  2.270  micra.  It  is  an  inverted  cone.  It  is  in  relation 
with  a  vessel,  nerves  and  ganglia.  .\  small  part  was  jirobably  left  in  above.  The  A-V  incision 
lies  far  behind  tlie  A-V  node  .so  that  the  auriculo-nodal  junction  instead  of  tlio  -4.-V  bundle  is 
divided,  but  the  division  is  not  complete  (Fig.  S) 


InTiTdunculdr 


*  The  bearing  of  experiments  in  tliis  group  will  be  spoken  of  later.  It  may  be  mentioned 
briefly  here  that  fibrillation  of  the  ventricles  brings  about  a  rhythm  in  the  auricles,  directly 
comparable  to  that  in  the  \-entriclcs  when  the  auricles  are  fibrillating.  These  facts  are  used  to 
illustrate  certain  functions  of  the  -I- 1'  bundle  and  of  the  S-A  node. 
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Coinincnt :  The  rise  in  ju'essnre,  notoil  above,  no  doubt  restored  the  few  filires  of  tlie  aiirivulo- 
nodal  junrtion  to  tem[)orarv  functional  activity  only,  so  that  the  auricles  resiiondcd  to  ventricular 
fibrillation.     Later  the  A   V  bundle  failed  to  act  and  the  auricular  rhythm  again  became  regular. 

Expirhnent  577. 

The  heart  was  |)erfused.  The  rate  of  the  auricles  was  00.  Ventricular  fibrillation  was 
induced  by  faradization.  There  was  cnni|ilcte  ain-icular  irregularity,  the  rate  being  (id.  Three 
minutes  later  the  auricles  beat  regularly,  at  the  rate  of  .")4.  Incisions  1.  2  and  .5  were  then  made 
in  the  region  of  the  .S'-^4  node  ;  tlie  rate  rose  to  Ti!)  and  the  rhytlnn  was  still  regular.  Incision  i 
was  then  made.  T'here  was  no  stoi)])age,  but  the  rate  fell  to  34-4  and  aiu'icidar  irregularity  re- 
api)eared.  The  .4-1'  bundle  was  then  incised,  approximately  I  mm.  anterior  to  the  anterior  lip 
of  the  coronar\'  sinus  ;  the  aiu'icles  remained  irregular.  This  unexjiected  result  induced  us  to 
make  a  seconcl  incision  of  the  A-V  bundle,  'i  nun.  anterior  to  the  first  one,  after  whicli  three 
irregular  contractions  followed,  and  then  the  auricles  ceased  beating. 

Histolorjy.  The  S-A  node  passes  through  7,440  micra.  Nodal  tissue  was  left  behind,  both 
above  and  below.     The  A-V  bundle  is  only  partially  cut  through. 

Comment  :  A  i}roba!jle  interpretation  of  the  events  in  this  experiment  is  as  follows  :  the 
sinus  node  after  a  jirimary  failure,  maintained  auricular  regularity.  After  excision  of  the  sinus, 
the  auricle  responded  to  the  fibrillating  ventricle.  Whether  or  not  the  auricular  contractions 
would  have  remained  irregular  after  incision  of  the  .1- 1'  liundlc  is  i-irobleniatic.  The  bundle  was 
not  coniplclcly  di\idcd,  as  tlir  serial  sections  show. 

Experiment  o7S. 

The  heart  was  perliised.  The  rate  of  the  heart  was  7!I-S  and  the  rhythui  was  regidar. 
Ventricular  fibrillation  was  then  induced  by  faradization.  The  auricular  contractions  remained 
regtdar  at  a  rate  of  7'J-2.  Incisions  1.  2  and  3  were  made,  and  the  rate  rose  to  98-4  ;  the  rhythm 
was  still  regular.  Incision  4  was  then  made  and  the  auricles  ceased  beating  for  50  seconds. 
Tlie  second  auricular  systole  occiu'retl  8-5  seconds  after  the  first.  The  auricidar  rate  fell  to  iy-4 
and  was  completely  irregular.  Later  the  rate  was  19-8,  then  15-2,  then  20-8  and  finally  24-0. 
The  .4-  V  bundle  was  not  cut. 

Histoloiiii.  The  t^-A  node  passes  through  ,'i,.32U  micra  and  is  in  relation  to  a  vessel,  nerves 
and  ganglia.  It  had  been  thought  that  a  slight  amount  had  been  left  behind  botli  above  and 
below,  but  examination  of  those  portions  fails  to  show  nodal  tissue. 

Experiment  (n!). 

The  heart  was  perfused  in.  siln.  N'cntricular  fibrillation  was  induced  by  faradization.  The 
rate  of  the  auricles  was  (iO  and  the  rh\thm  [iractically  regular.  The  S-A  node  was  excised  by 
incisions  -t,  3  and  2  only.  The  auricidar  contractions  stopped  for  19  seconds  and  then  became 
more  ra|)id  and  quite  irregular.  They  L)ecame  regular  later,  the  rate  being  51-75  and  remained 
so  for  15  minutes,  when  perfusion  was  stopped. 

HiKlnlnipj,  In  the  piece  excised  the  node  passes  through  2,250  micra.  It  is  thin  and  lies 
under  the  iiericardium.  The  portion  of  the  node  left  behind  |)asses  through  1,020  micra,  and  is 
well  developed.  A  large  vessel  has  been  cut  across.  It  lies  in  relation  with  a  vessel,  nerves  antl 
ganglia. 

Comment  :  The  rhythm  of  the  am-icles  after  fibrillation,  and  before  the  excision  of  the 
6'- -4  node,  was  very  slightly  irregular,  the  irregularity  probably  being  only  apparent  and  due  to 
instrumental  error.  Successive  groups  of  five  beats  occupied  equal  time.  After  the  excision 
of  the  sinus  bearing  area,  a  complete  irregidarity  set  in  which  lasted  seven  minutes.  The  auricular 
contractions  then  resumed  a  completely  regular  rliytlim  and  this  was  maintained  tmtil  the  end 
of  the  experiment.  The  curve  does  not  permit  a  statement  as  to  whether  this  change  took  place 
suddenly  or  gra<lually.  The  return  to  regular  rhythm  is  explained  by  the  fact  that  there  was  an 
incomplete  excision  of  the  node,  one  third  of  the  entire  structure  iiaving  been  left  behind.  A 
return  of  the  function  of  this  area  determined  the  subsequent  regularity  of  the  auricles. 

Experiment  fjSU. 

The  heart  was  perfused  in  situ.  The  rate  of  the  heart  was  40'5.  Incisions  1,  2  ami  3  (1  in 
P'ig.  9),  were  made  and  the  rate  rose  to  5li-4.  After  incision  4  there  was  no  stoppage,  but  the  rate 
fell  to  45'9.  A  second  pjiece  (2  in  Fig.  9),  was  then  excised  ;  there  was  no  stoppage  antl  the  rate 
rose  to  48'U.  A  third  piece  was  then  excised  (3  in  Fig.  9),  whereui>oii  the  heart  contracted  a  few 
times  and  stopped  for  24  seconds.  The  auricular  preceded  the  ventricular  contractions.  The 
second  beat  occurred  after  22'7  seconds,  tlic  third  beat  after  lOT  seconds.  The  rhythm  of  the 
heart  was  slightly  irregular,  but  became  regular  again  at  tlie  rate  of  39-3.  Later  the  ventricular 
jireccded  the  auricidar  contractions,  the  rate  lieing  14*7.  \'entricular  fibrillation  was  then  in- 
duced by  faradization.  The  auricular  rhythm  became  completely  irregular,  the  rate  rose  to 
41-4.  continued  so  for  10  minutes  and  then  the  auricles  ceased  to  beat. 
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Histotmpj.  In  pipies  1  and  2,  no  nodal  tissue  was  seen.  In  piere  J,  tlie  node  passes  through 
*i,-00  niicTa.  It  is  in  relation  to  a  vessel,  a  few  ner\'es  aiul  ganglia.  At  the  lower  portion  of 
pier-e  .3,  a  jtortion  of  the  node  seenis  to  have  been  left  behiiul.  The  adjacent  |.)ortion  of  the  anriele 
was  cut  in  series  and  examined,  but  nodal  tissue  was  not  identified. 

Comment  :  This  ex])erin)ent  is  interesting  for  the  same  reason  as  Xo.  .Tlill.  In  both,  nuiltiple 
incisions  and  excisions  in  the  neighbourhood  of  the  node  were  pcrff)rmed  without  important 
changes  in  the  rhythm  of  the  heart.  Only  the  excision  of  the  node  bearing  area  brought  about 
stopjjage  and  the  attendant  phenomena. 


Fig.  9. 


Fig.   10. 


Experiment  5S1. 

The  heart  was  jjerfused  in  situ.  The  rate  was  77-7.  After  incisions  1,  2  and  3  were  made 
the  rate  increased  to  80-4.  Incision  4  was  then  made  antl  there  was  stojjpage  for  27-5  seconds, 
auricular  preceding  ventricular  contraition.s.  The  second  beat  came  2!)  seconds  later.  The  rate 
gradually  rose  to  3(i-li.  Ventricular  fibrillation  was  then  induced.  The  auricles  beat  regularly 
at  a  rate  of  (ill.  A  second  |iiece  of  auricular  ti.ssue  was  next  excised  and  the  rate  fell  to  ()4-8,  but 
the  rhythm  was  still  regular.  The  ventricles  were  again  faradized  and  the  rate  rose  to  (i9-0. 
Finally  the  ventricles  were  again  faradi/.ed  and  a  very  slight  irregularity  occurred  in  the  auricular 
rhythm. 

Hi.stiiliii/!i.  The  node  is  somewhat  ilaltcMird  from  side  to  siile  throughout.  It  [la-s.ses  througli 
3,420  micra  in  the  lower  piece  (7,  Fig.  10).  'I'he  pericardium  over  the  node  is  thin,  there  are  %ery 
few  ganglion  cells  in  relation  with  it.  but  there  is  a  large  vessel.  Possibly  a  small  amount  of 
nodal  tissue  is  to  be  found  in  the  lower  portion  of  jiiece  2  (Fig.  10).  The  remainder  of  the  auricle 
was  cut  in  serial  sections  and  in  it  nodal  ti.ssue  was  found  (MM  micra). 

Connnent  :  The  faihne  of  ventricular  fibrillation  to  induce  auricular  irregularity  wa.s 
probably  due  to  the  portion  of  nodal  tissue  whirli  had  been  left  behind.  This  jiiece  maintained 
the  usual  auricular  rhythm. 

E.rprrime»t  ■5S2. 

The  heart  was  perfused  in  .■<it>i.  The  rate  was  .")7-2.  After  incisions  1,  2  and  3  had  been  inade 
the  rate  rose  to  (io-l.  Incision  4  was  made  and  tlie  heart  stopped  for  37-o  seconds.  The  auricular 
preceded  the  ventricular  contractions.  Then  the  auricles  ceased  and  the  ventricular  rate  fell 
to  17-35.  F"aradization  of  the  ventricles  failed  to  result  in  tilirillation  and  spontaneous  ventricular 
contractions  began  after  it  ceased.  The  ventricles  were  faradized  again  and  fibrillation  set  in 
and  continued  to  the  end  of  the  experiment. 

Hi.ttologi/.  The  node  passes  through  1.7")tl  micra.  It  is  cylindrical  from  top  to  bottom. 
Portions  at  both  extremities  were  probably  left  behind.  There  are  nerves,  vessels  and  ganglia 
in  relation  to  the  node.     There  is  unusual  development  of  connective  tissue. 


E.rpcriment  5S3. 
The  heart  was  perfused  in  situ.  The  rate  was  58-2.  Incisions  1,  2  and  3  were  made  and  the 
rate  rose  to  (il-G.  Incision  4  was  then  made  (1  in  Fig.  1 1 ).  There  was  no  stoppage  of  the  heart 
and  the  rate  rose  to  78.  Then  a  second  iiiece  (2  in  Fig.  1 1)  was  excised  :  there  was  no. stoi)page, 
but  the  rate  dropped  to  r>4.  Fibrillation  of  the  ventricles  Wiis  iniluced  by  faradization,  but  the 
auricular  rhythm  remained  perfectly  riMzular.  'I'licn  a  third  piei  e  (3  in  Fig.  1  1 )  was  exci.sed.  the 
heart  stopped  for  2!l-7-">  seconds  an<l  a  rate  of  2(i-4  de\elope<l.  There  was  complete  auricular 
irregularity,  the  rate  being  fast  at  first  and  later  slow.  The  AV  liundle  was  then  cut.  After 
this  procedure  a  few  auricular  systoles  occurred  at  long  intervals.  Rhythmic  stimulation  of  the 
auricles  was  inetfectual  in  causing  them  to  contract.     The  experiment  was  stopjied. 
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Histologij.  The  node  passes  tliroiigh  4,800  micra  of  piece  1,  tlirougli  2,230  micra  of  piece 
2.  and  tlirongli  2,1'JO  micra  of  piece  3,  making  a  total  of  ',),220  micra.  A  small  amount  of 
nodal  tissue  was  probably  left  behinil,  at  the  very  top  of  piece  2.  The  node  lies  in  relation 
to  a  vessel.     There  are  many  nerves  and  ganglia. 

Conmient  :  The  experiment  should  be  compared  with  Nos.  50!)  and  580.  The  functions 
of  the  node  are  well  illustrated  ;  it  is  unfortunate  that  the  auricles  ceased  to  contract  after  the 
A-V  bundle  was  cut. 

E.rpi'n'uu  nt  oS4. 

The  heart  was  perfused  in  silii.  The  rate  was  51'9.  Incisions  1,  2  and  3  were  made  and  the 
rate  rose  to  54-5.  Later  it  fell  to  42.  Incision  4  was  then  made  (Fig.  12),  and  the  rate  fell  further 
to  39-4.  Fibrillation  of  the  ventricles  was  then  induced  by  faradization  (Fig.  13).  The  auricular 
contractions  remained  regular  at  a  rate  of  51-().  .An  incision  was  then  made  jjarallel  to  the  taenia 
terminalis,  but  to  the  left  of  it,  reaching  almost  to  the  level  of  the  A-V  groove.  Before  the 
incision  the  auricular  rate  was  ,58-2;  after,  it  fell  to  37-5  and  complete  auricular  irregularity 
set  in  (Fig.  14).  After  a  tew  slow  contractions  the  auricles  stojiiicd  for  37-2  seconds,  and  an 
irregular  auricular  rliythni  at  a  rate  of  I  I  -11  set  in.  The  .4-  V  bundle  was  cut  (Fig.  15)  anil  then  the 
auricles  ceased  to  beat  for  14  seconds,  l>ut  later  beat  at  a  regular  rliythm,  first  of  25-5  and  later 
of  28'5,  31'2,  and  33'5.  The  pressure  of  tlic  perfusion  fiuitl  had  fallen  to  zero  but  was  raised  to 
30  mm.     The  experiment  was  stopped  on  account  of  inadequate  perfusion. 

Hixloliirji/.  The  node  |)asscs  through  5,73(1  micra.  The  shape  is  that  of  an  inverted  cone. 
A  portion  is  left  in  at  the  upper  extremity.  Sections  of  the  portion  left  behind  show  the  presence 
of  the  nolle  througli  1,520  niicra  on  the  left  anterior  portion  of  the  superior  vena  cava. 

Comment :  The  area  excised  contained  about  tive-se\'enths  of  the  node,  but  the  portion 
excised  was  insufficient  to  produce  stoppage  and  slowing,  for  two-sevenths  of  tlie  node  had  been 
left  beliind.  Consequently  when  ventricular  fibrillation  was  induced,  the  auricular  rate  remained 
regular  and  so  continued  until  an  incision  to  the  A-V  groove  had  been  made  in  the  auricle.  Then 
the  auricles  ceased  to  beat  for  a  time,  but  later  contracted  again  in  a  completely  irregular  rhythm. 
When  the  A-V  bundle  was  cut,  the  auricles  bi'came  regular.  It  is  difficult  to  understand  why  the 
portion  of  the  node  left  behind  was  incapable  of  maintaining  a  regular  auricular  rhythm,  after 
the  final  incision  to  the  A-V  groove  had  been  made.  It  did  maintain  regular  avu-icular  eon- 
tractions  after  ventricular  fibrillation  had  been  induced,  and  remained  efficient  until  this  incision 
had  been  made.     This  experiment  is  discussed  again  later. 

Expiriment  ■'>S'>. 

The  heart  was  perfused  in  situ.  The  rate  was  o4-8.  The  area  bearing  the  S-A  node  was 
excised  in  two  pieces.  The  rate  after  incision  3  rose  to  58-98  (Fig.  I(i).  The  rate  before  the 
excision  of  the  second  jiiece  was  51.  A  stoi>page  of  ti5  seconds  occurred  (Fig.  17)  after  the  second 
piece  was  excised.  The  ventricular  preceded  the  auricular  contractions.  About  two  to  three 
minutes  after  stojipage  the  rate  dropped  to  10-2  but  later  rose  to  14-75  (Fig.  18). 

Histohfi;/.  In  piece  1  the  node  passes  through  6,600  micra  ;  a  portion  is  left  beliind  at  the 
top.  The  nolle  is  wedge  shaped,  and  stretches  from  endo-  to  pericardium.  In  piece  2,  it  extends 
through  1,4  10  micra.  The  portion  identified  as  node  has  a  somewhat  uncertain  histology.  The 
node  lies  to  the  right  of  the  taenia.     It  is  in  relation  to  a  \-essel  ami  also  to  ganglia. 

Experiment    '}SC>. 

Thcliciiii  was  perfused  i»  si(».  Tlie  rate  was  (iO-(i.  liiiisiou  /  (Fig.  19)wasmade.  No.stoppage 
occurred,  but  conspicuous  .slowing  to  21-9,  the  auricular  preceding  the  ventricular  contractions. 
Then  incisions  2,  3  and  4  were  made  and  were  followed  by  no  perceptible  change  in  rate.    Incision 
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5  was  made  parallel  to  flip  tiBiiia  terrninalis  and  downwaril  to  the  A-V  groove.  The  rate  rose 
from  21-9  to  ITt  during  19  seeonds,  and  then  the  heart  stopped  for  20-.')  seconds.  The  first  was 
followed  by  a  second  pause  of  26  seconds,  a  third  by  1 1  seconds,  and  a  fourth  by  ."JS-.")  seconds.  The 
rate  became  gradually  faster  rising  to  I."r(i,  the  ventricular  preceding  the  auricular  contractions. 
The  ventricles  were  faradized  but  fibrillation  did  not  ensue.  Later  fibrillation  occurred, 
accompanied  by  complete    irregularit\-  of    the    auricles.      .4t  the  end  of    faratlization,  a  regular 


kUMMMjSJ^^nJAUJ-MMJJyJJJJ^ 


Fig.    10.     Expei'nnrni  ."iS."!,     Curve  showing  excision  of  the  first  piece  of  auricular  tissue.     There 
is  no  stop]iage. 


Exci'_,ion  ot  '.i^cond-   piecp  Incision  I 


Fig.  17.  Expnhnenl  58.").  Excision  of  the  second  ])iece  of  auricular  tissue  is  shown.  There 
is  stoppage  of  6j  seconds.  Between  the  first  and  second  contractions  there  is  a  pause  of 
S4  seconds. 


Fig.    IS.      Exprriment  585.     The  rate  after  excision  of    second  piece  is   14-7.      The  ventricular 
])recede  tlie  auricular  contractions. 

ventricular  rhythin  returned.  Faradization  of  the  auricular  muscle  was  accompanied  by 
comjilete  irregularity  of  the  ventricles.  The  ventricles  were  faradized  again,  fibrillation  took 
place  and  this  together  with  complete  auricular  irregularity  persisted  till  the  end  of  the  experiment. 
The  A-V  bundle  was  cut,  but  a  cusp  of  the  aortic  valve  was  incised,  causing  a  fall  of  pressure 
in  the  circulating  fluid,  and  bringing  the  experiment  to  an  end.  The  auricles  afterwards  beat 
regularly  for  eight  contractions. 


Fig.  19. 
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Histoloijy.  Tlie  node  passrs  tliroiif;h  7.S00  luii-ra.  It  lif-s  to  thp  riglit  of  the  tienia  tcrminalis. 
A  slight  amount  is  |irol)al>ly  left  in  helow.  In  cross  section  it  is  circular.  It  is  in  relation  to 
ganglia  and  small  vessels.  Sections  through  the  superior  vena  cava  anil  auricle  left  behind  show 
that  the  node  passes  through  1,(!00  niicra,  in  the  sujierior  vena  cava. 


Rate  45b 


Fig.   20o.     Experiment  080.     The  ventricle  is  fibrillating.     A  regular  auricular  rliythm  is  seen. 


^,,^/U- 


Ritt  iioa 


206.     Incisioiisi,  2  and  3  are  shown. 


stoDpa^e  o^  i  rrnnutz^ 


20c.     Stoi'page  of  .3  minutes  after  incision  4  is  sliown. 


vA/w4ji 


"Rite    "-11 


Fig.   21a      Experiment  .")Sn.     The  first  part  shows  a  complete  irregularity  of  the  auridi  s  and  the 
division  of  the  A-V  bundle  is  shown. 


Experiment  5ST. 

The  heart  was  ]")erfused  ui  sitit.  Spontaneous  fibrillation  of  tlie  ventricles  accomj^anied  by 
complete  auricular  irregularity  set  in.  The  auricular  rate  varied  from  87  to  99.  The  A-V  bundle 
was  incised  and  the  rate  of  the  auricular  contractions  fell  to  7(i-2,  hut  the  rhythm  of  the  auricles 
was  not  quite  regular.  A  second  incision  of  the  A-V  bundle  was  therefore  made.  The  auricular 
rhvlhm  became  regular  at  the  rate  of  85-2,  and  a  little  later  86'1.  The  S-A  node  was  excised, 
incisions  1,  2  and  3  being  made.  The  rate  after  the  third  incision  rose  to  92-28.  After  incision  4 
there  was  stoppage  for  O'ti  seconds.     The  rate  gradually  rose  to  44-1  and  the  rhj'thm  was  regular 
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Hisloloi/!/.  'Hie  noilr  is  cnmiiletely  oxrisod.  It  passes  through  ."1.200  inifra.  It  is  in 
relation  to  a  vessel,  s'mglia  anil  nerves,  the  latter  being  seen  more  os[)eeially  at  the  lower  levels. 
The  node  lies  to  tlie  right  of  the  taenia  terminalis. 

Expi'iimeiil  !)SS. 

The  heart  was  perfuseil  in  silu.  The  ventrieles  fibrillated  spontaneously.  The  auricular 
rate  was  50- 1,  and  regular.  The  SA  node  was  excised.  After  the  incision  3  the  rate  was  50-72. 
After  incision  4  there  was  stoppage  for  17-.>  seconds  and  between  the  first  and  second  beats  for 
IGI  .seconds.     The  auricular  rhythm  was  coni])letely  irregular  and  tlie  rate  was  53-25. 

Histologii.  The  node  passes  through  3,310  niicra.  A  small  amount  is  left  in  at  the  top 
towards  the  right.  The  node  is  in  relation  to  ganglia  and  to  a  ve.ssel.  The  nodal  tis.sue  is  peculiar 
in  that  the  cells  are  somewhat  vacuolated,  resembling  the  Purkinjo  type.  Tliey  are  stained  much 
lighter  than  the  surrounding  ti.ssue.  Towards  the  upper  end  of  the  node  the  tissue  becoines 
more  comiJact,  and  approaches  more  nearly  to  tlie  usual  apiiearance  of  the  node,  but  still  retains 
its  somewhat  vacuolated  appearance. 

E.i-pcn'mcnl  SHO. 
The  heart  was  perfusc<l  in  silii.     Fibrillation  of  the  ventricles  was  induced  by  farailization. 
The  am-icnlar  rate  was  45-i;  and  t  l;c  jhythm  was  regular  (Fig.  2(to).     The  S-A  node  was  excised. 


.Xi'MM'^AVA- 


]\b.      Stoppage  of  auricular  contraction  subsequent  to  the  di%  ision  of  the  bundle  is  shown. 


Fig.   22.     E.vpenment  58Q.     Shows   a   regular   aurimlar   rliytlun    after   the  division  of   tho.-l-K 
bundle.     The  rate  is  20-62. 

The  rate  after  incision  3  was  55-08.  (Fig.  206).  After  incision  4,  there  was  stoppage  for  three 
minutes.  (Fig.  20c).  The  anterior  coronary  artery  was  tied  off.  The  auricular  rate  gradually 
rose  to  27-!t  and  the  rhvthm  was  completely  irregular.  The  ^-1-  F  bundle  was  cut  and  the  auricular 
contractions  were  regular  (Fig.  21fO.  .\ftcr  a  few  beats  the  auricles  ceased  to  i-ontract  (Fig.  216). 
During  the  cutting  of  the  bvnidle,  a  seini  huuir  \alvc  was  incised  ;  this  accident  unfortimately 
brought  the  experuncnt  to  an  end.  At  the  end  the  auricular  rate  was  20-02  (Fig.  22),  and  the 
rh.vthm  was  regular. 

Hi^tolix/ii.     The  node  passes  through  5,290  micra.      It  is  in  relation  to  vessels  and  ganglia. 
The  jiericardium  is  not  thick.     A  small  amount  of  nodal  tissue  is  probably  left  in  below. 

Exprriment  5fJ0. 

The  heart  was  perfused  in  niln.     Fiijrillation  of  the  ventricles  was  induced  by  faradization. 

Complete  auricular  irregularity  followed.     The  rate  was  9(>-9.     Occasionally  there  was  a  tendency 

for  the  auricles  to  beat  regularly,  so  the  S-A  node  was  stimulated  rhythmically  by  single  induction 

shocks  to  increase  the  irritability  of  the  node,  and  to  restore  it  to  its  function  of  mauitaining  the 
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anriculiir  contract  ions.  Thin  ])ri)cc(lurc  niiulc  tlic  auricular  rliythni  regular  for  a  sliort  timo  Viut 
the  irri'i,nilai-it\'  roi.nirretl.  Tliis  nietiind  of  stiinuUitinn  was  rPi)oatO(l  tlirpe  tiuies,  on  cacii  orcasum 
willi  till'  saiiii'  result.  The  A  V  l)unclli>  was  tlicu  I'Ut.  Tlie  auricular  rhythm  became  regular, 
the  rate  Iteino;  "!*■-  and  the  S2-.S.  The  S-A  node  wasexcised  (Fi^.  23o).  .Aiu'ieular  contractions 
siiipped  for  l.'JIi  seconds.  The  rate  later  was  3!)  and  t!a=  rhvtliiu  tlien  remained  regular 
(Fig.  2;!c). 

Hislo/uiji/.  The  nolle  [masses  thrcnigh  2,2."iO  micra.  It  is  in  relation  to  a.  \'essel,  nerves  and 
ganglia.  A  small  amount  of  nodal  tissue  is  left  m  at  the  tO]).  The  general  .shape  of  the  node  is 
cylindrical. 

T'.       Di.^rii>!si())/  of  iJir  vfin'mif  experiments. 

It  will  lie  found  convenient  to  discuss  Experiments  564,  584  and  586 
together.  In  Exjierinient  564,  incision  o  (Fig.  3)  crossed  the  taenia  ter- 
minalis  and  the  heart  sto]i])cd  before  the  node  bearing  area  had  been  removed. 
The  final  incision  ])roduced  no  etfect.  In  Experiment  584.  the  auricular 
rhythm  I'cmaincd  regular  after  a  jiortion  su))|)osed  to  contain  the  *S'-.4  node 
had  been  removed,  although  the  ventricles  were  fibrillating.  The  regularity 
of  the  auricular  contractions  indicated  that  a  jiortion  of  the  *S'-.4  node  must 
have  been  left  behind,  for  the  maintenance  of  regularity  is  a  function  which 
resides  in  the  node  under  experimental  conditions.  It  was  decided  to  remove 
an  additional  piece  of  tissue.  An  incision  (Fig.  19)  was  made,  parallel  with 
tlie  sidcus  terminalis,  which  reached  almost  to  the  ^4-  V  groove.  After  a 
few  slow  contractions,  the  auricular  contractions  stopped  for  37-2  seconds, 
'^riie  rhythm  was  then  irregular  anil  the  rate  was  19-8.  The  stoppage,  the 
reduction  in  rate  and  the  onset  of  an  irregular  rhythm  would  under  ordinary 
circumstances  indicate  that  the  sino-auricular  node  had  been  excised.  Here, 
how  ever,  a  mei'e  incision  caused  these  events.  Experiment  586  is  a  duplicate 
of  Experiment  584.  Beside  the  facts  mentioned  an  additional  one  must  be 
noted  as  common  to  these  three  experiments.  The  stoppage  which  occurred 
after  the  single  incision  in  Experiment  564  did  not  take  place  immediately,  as 
is  the  rule,  but  after  24  contractions,  following  a  primary  pause  of  9  seconds, 
the  stoppage  time  being  33-75  seconds  ;  in  Experiment  584  after  a  few  slow 
(•out  rait  ions  there  was  a  subseriuent  sto])])age  of  37-2  seconds  ;  and  in 
Experitncnt  5S()  aftci'  beating  at  a  rate  of  75  contractions  for  19  seconds, 
the  heart  sto])ped  for  20-5  seconds.  That  is  to  say.  in  each  of  these  three  a 
number  of  contractions  occurred  before  the  contractions  stopped,  an  occur- 
rence which  took  ]ilace  in  no  other  experiments.  The  histological  facts 
in  these  experiments  arc  as  follows  :  in  Experiment  564,  nodal  tissue  (1,840 
micra)  was  only  seen  in  the  piece  left  behind  ;  in  Experiment  584,  5,730 
micra  of  the  node  were  removed,  while  1,520  were  left  behind  [i.e.,  21  pei'  cent, 
was  left  behind)  ;  in  Exjieriment  586,  7,800  micra  of  nodal  tissue  were  removed 
\\  hile  1.600  micra  of  the  node  were  left  behind,  some  of  it  above  and  some 
hclow.  Histologically,  therefore,  the  three  cases  have  in  common  the  fact 
that  ,1  consideraljle  amount  of  nodal  tissue  was  left  behind. 

In  explanation  of  these  cases,  we  might  suppose  the  simple  incision 
cut  across  a  single  muscular  tract  leading  from  the  sino-auricular  node  in  the 
sen.se  of  Thorel.i'^     pj,^  careful  search  for  such  fibres,  in  the  serial  sections. 
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failed  to  Hnd  sueli  a  tract  in  the  auricles  upon  which  Experiments  564  and 
584  were  performed.  Other  hypotheses  to  explain  the  events  here  narrated, 
are  also  unsatisfactory.  Except  for  the  fact  that  they  occurred  under 
circumstances  (piite  diifcrcnt  from  those  in  Hering's  experiments,  they 
belong  to  a  grouj)  where  simjile  incision  produced  profound  results.  The 
amount  of  trauma,  the  ciiculatory  distiu'hances  and  the  fact  that  the  incision 
increased  the  isolation  of  that  portion  of  the  node  left  behind  after  some 
temporary  irritation  is  the  only  ex])lanation  that  is  justified,  although  it  is 
incom])lete.  Anomalous  events,  such  as  the  decrease  in  rate  after  incision  3, 
in  Experiment  586  cannot  be  exjilained.  We  leave  the  matter  with  the 
report  of  these  three  experiments,  in  which  similar  experimental  phenomena 
took  place  ;  in  which  an  incision  toward  the  .4-  T'  groove  was  made  ;  and  in 
which  a  large  ijortion  of  the  sino-auricular  node  had  been  removed. 

Exjoeriment  577  is  included  among  the  experiments  in  which  the  sino- 
auricular  node  was  almost  completely  excised,  because,  after  the  excision  of  the 
tissue,  the  auricular  rate  fell,  and  because  the  rhythm  became  disordered,  after 
the  onset  of  ventricular  fibrillation.  The  maintenance  of  a  regular  auricular 
rhythm  by  the  sino-auricular  node,  in  the  ]nesence  of  ventricular  fibrillation. 
is  considered  to  be  one  of  the  functions  of  this  structure  in  the  perfused 
heart.  The  contraction  of  the  heart  should  have  stopped,  but  seeing  that 
the  imjnilses  from  the  fil)rillating  ventricles  were  already  impinging  on 
auricular  tissue  when  the  sino-auricular  node  was  excised,  stoppage  need  not 
have  been  a  necessary  consequence  though  it  usually  occurred  under  similar 
circumstances   elsewhere. 

Ex])eriment  588  is  mentioned  for  comment,  because  after  stoppage  of 
the  heart  for  17-5  seconds,  the  rate  rose  (50- 1  to  53-25)  instead  of  falling. 
Excejit  that  the  ventricles  were  fibrillating  at  the  time,  and  that  impulses 
from  them  must  have  been  conveyed  to  the  auricles,  there  is  no  explanation 
for  the  increase. 

Conclusions. 

A  series  of  experiments  is  presented  in  which  the  functions  of  the  sino- 
auriculai'  node  were  investigated  by  means  of  excision  of  the  node  bearing 
area  in  the  perfused  dog's  heart.  The  success  or  failure  of  the  excision 
was  verified  by  the  microscopic  examination  of  the  excised  portions.  Based 
on  by  far  the  greater  number  of  oases,  the  conclusion  that  the  sino-auricular 
node  is  the  ])acemaker  of  the  heart  is  arrived  at  for  the  following  reasons. 

1.  Incisions,  single  or  multiple,  in  the  region  of  the  sinus  node  serve 
merely  to  accelerate  the  speed  of  the  whole  heart. 

2.  An  excision  of  the  sinus  node  (demonstrated  to  be  successful  in  the 
examination  of  the  histological  series)  results  in  an  immediate  cessation  of  the 
contractions  of  the  whole  heart.  Excision  of  neighbouring  portions  fails  to 
produce  any  of  the  results  that  excision  of  the  node  itself  produces. 
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3.  After  excision  of  the  sinus  node,  the  rate  of  tlie  whole  heart  falls 
and  does  not  again  reach  the  original  rate. 

4.  The  function  of  the  secondary  pacemaker  devolves  on  no  special 
portion  of  the  heart.  Sometimes  a  portion  of  the  auricles,  sometimes  a 
portion  of  tlie  ventricles,  and  sometimes  a  portion  lying  between  them  (as 
indicated  by  a  reduction  in  the  As-  Vs  time)  takes  up  the  function  of  the 
excised  node. 
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FURTHER   OBSERVATIONS    ON   THE   FUNCTION   OF   THE   SINO- 

AURICULAR    NODE. 

{An,  Appendix  to  the  lust  paper.) 

By  ALFRED  E.  COHN  and  HOWARD  H.  MASON. 

{From  lliv  JJcpaiiiiiciit  oj  I'athoUKjij,  College  of  Pliysicians  and  Siinjiaiis, 
Columbia    University,    New  York). 

It  has  been  establislii'd  by  Lewis'  and  Rothberger  and  VVintcrborg"', 
following  the  original  observations  by  Cusliny  and  Edmunds!  fmJ  i,y 
Frederic({,-  that  fibrillation  of  the  auricles  is  accompanied  by  complete 
irregularity  of  the  ventricles.  The  reverse  condition  has  been  described 
by  Garrey''  who  ob.served  that  when  the  ventricles  fibrillated,  the  auricles 
beat  in  a  disordered  fashion.  We  have  obtained  results  similar  to  Garrey 's 
in  a  number  of  experiments,  the  curves  of  which  are  now  reproduced.  It 
is  not  the  jjresent  purpose  to  discuss  the  nature  of  ventricular  fibrillation 
but  to  show   the  relation    of  the  sinus  node  to  this  rhythm  of  the  auricles. 

The  observations  were  nuide  in  the  cour.se  of  the  experiments  on  the 
function  of  the  sino-auricular  node  recorded  in  the  preceding  communication  ; 
the  protocols  of  the  experiments  given  in  detail,  are  also  to  l)e  found  there. 
The  experiments  are  grouped  here  according  to  the  sequence  in  which  the 
three  ojierative  i)rocedures,  excision  of  the  node,  induction  of  ventricular 
fibrillation,  division  of  the  .4-  V  bundle,  were  undertaken.  Table  1  shows 
this  grouping  and  gives  references  to  the  curves  in  the  previous  communication. 

Group  A.  When  the  sino-auricular  node  was  excised,  the  stoppage 
phenomenon  resulted  and  was  followed  by  a  slower  rate  of  contraction. 
If  fibrillation  of  the  ventricles  occurred  spontaneously,  or  was  induced  by  a 
faradic  current,  the  auricles  beat  in  a  disordered  fashion.  That  this  dis- 
ordered rhythm  must  have  been  due  to  ventricular  fibrillation  is  proved  by 
the  fact  that  after  division  of  the  aurieulo-ventricular  bundle,  the  auricular 
rhythm  became  regular  after  a  short  interval.  Fig.  10  from  Experiment 
57(j  shows  the  stoppage  phenomenon.  Fig.  14  and  15  from  Exjieriment 
584  show  the  remaining  phenomena  except  for  the  dift'erences  explained  in 
some  detail  in  the  protocols. 

Group  B.  If  the  order  of  the  operative  procedures  was  reversed  and 
fibrillation  of  the  ventricles  took  place  before  the  excision  of  the  sino-auricular 
node,  then  the  auricular  contractions  maintained  a  regular  rhythm  and 
complete  irregularity  did  not  occur.  If  the  sino-auricular  node  was  then 
excised  the  auricular  rhythm  became  conij)letely  irregular.  When  the 
auriculo-vcntriculai-  liundle  was  divided  as  in  the  jireceding  grou])  of  cases 
the  auricular  rate  l)ec;nii('  icgiiLir.  ('iir\('s  I'O  to  l'2  from  Exjieriment  58!) 
illustrate  (hesc  cx'cnls, 

C  roil  II  C .  If  I  lie  \'cntriclcs  wvvv  librill.it  ing  and  t  he  auriculn-vcnt  licular 
bundle  was  di\ided.  the  auricular  liiytiuu  remained  regular.  When  the 
sino-auricular  node  \\as  excised,  the  jihcnomena  usually  observed  on  excising 
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the  sino-auricular  node  resulted,  tliat  is  to  say  stoppage  and  a  slower  rate. 
Fig.  23«,  i  and   c  from  Experiment  5!»0  illustrate  the  foregoing  occurrences. 

A  number  of  exceptions  to  these  general  statements  are  found  in  the 
protocols.  A  detailed  analysis  of  these  exceptions  is  unnecessary  here. 
These  cases  are  indicated  in  Table  II.  The  variations  in  general  serve  as 
control  experiments. 

Conclusions. 

(1)  The  sino-auricular  node  maintains  the  regular  rhythm  of  the  auricles, 
even  in  the  presence  of  ventricular  fibrillation.  It  is  recalled  that  fibrillation 
of  the  auricles  is  accompanied  by  complete  irregularity  of  the  ventricles. 
(2)  When  the  sino  auricular  node  is  excised  and  the  ventricles  are  fibrillating, 
the  auricles  assume  a  completely  irregular  rhythm,  just  as  do  the  ventricles 
when  the  auricles  fibrillate.  (3)  That  the  assumption  of  complete  irregularity 
by  the  auricles  is  due  to  ventricular  fibrillation,  is  proved  by  the  fact  that 
when  the  auriculo-ventricular  bundle  is  divided,  the  auricles  resume  a  regular 
rhythm.  (4)  The  auriculo-ventricular  bundle  conducts  impulses,  which  are 
the  result  of  fibrillation,  in  a  reverse  direction. 


TABLE 

11. 

Group 

First  Event. 

Second  Event. 

Third  E\cnt. 

Niunbcrs  of  the 
Experiments. 

Variant 
Exper'ts* 

A     1 

Excision  of 
Node 

Fibrillation  of 
Ventricles 

580-581-582 

582 

2 

Excision  of 
Node 

Fibrillation  of 
Ventricles 

Division 
.4-7  Bundle 

57o-[57(J]t-583 
Fig.  10,  14,  15 

3 

Excision  of 
Node 

Fibrillation  of 
Ventricles 

Incision  to 
.4 -F  groove 

Oi\ision 
.4-1'  Bundle 

[584] 

Fig.  14  &  15 

581) 

Incision  to 
A-V  groove 

Fil>rillation  of 
Ventriclt's 

B     1 

Fibrillation  of 
Ventricles 

Excision  of 
Node 

578-579-588 

579 

2 

Fibrillation  of 
Ventricles 

Excision  of 

Node 

Division 
.4 -F  Bundle 

577-[5Sn] 
Fig.  20-22 

577 

C     1 

Fibrillation  of 
Ventricles 

Division 
.4 -F  Bundle 

Excision  of 
Node 

5S7-[590] 
Fig.   23 

587-590 

*  Reference  to  the  protocols  will  explain  the  nature  of  the  abnonualitx'.  Tlie  \ariation  ni 
several  instances  is  in  the  natiu'e  of  a  control. 

f  The  numbers  of  experiments  which  are  bracketted  are  those  which  have  been  chosen  for 
illustration  by  curves.  It  is  apparent  that  groups  A-1  and  B-1  are  represented  adequately  in 
groups  A-2  and  B-2. 
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SOME    DETAILS    OF    THE    AURICULAR    PRESSURE    CURVES    OF 

THE    DOG. 

By  J.  G.  VAN  ZWALUWENBURG  and  J.  H.  AGNEW. 

(From  the    Depart nicnt  of  Internal  Medicine,    University  of  Michigan.) 

Early  physiological  researches^  *  ^^  and  more  recent  clinical  work"  '^  '^  have 
established  the  general  forms  and  the  essential  resemblance  of  the  intra- 
auricular  jiressure  curves,  oesophageal  cardiograms  and  jugular  tracings. 
In  addition  to  the  waves  generally  recognised  and  designated  a,  c  and  v  by 
Mackenzie,  other  undulations  lying  between  the  a  and  v  waves  have  been 
described  from  time  to  time  by  various  authors,  notably  Bard,'  Piersol,'^ 
Hering,'  and  Rihl.i^  As  yet,  however,  no  general  agreement  is  apparent 
concerning  the  location  of  such  waves.  The  uncertainty  regarding  tlie 
existence  and  significance  of  these  additional  waves  has  been  due  in  part  to 
the  fact  that  the  instruments,  commonly  used  for  recording  cardiovascular 
movements,  have  so  much  inertia  that  they  may  modify  the  form  of  the  curves 
or  may  themselves  introduce  oscillatory  waves  into  tracings.  Furthermore, 
accurate  timing  is  made  difficult  by  the  uncertain  delay  in  the  transmission 
of  waves  to  the  neck  and  by  the  jaossibility  that  pressure  changes  in  the  two 
sides  of  the  heart  may  not  be  exactly  .synchronous. 

The  exhaustive  studies  of  O.  Frank*"  led  him  to  substitute  an  im])onder- 
al)le  beam  of  light  for  the  ordinary  ^\riting  lever  of  the  Marey  tamboiir. 
In  one  form  of  his  instrument  (Spiegelmanometer)  a  small  plane  mirror  is 
cemented  to  a  delicately  constructed  lever  near  the  axis  of  rotation  of  the 
latter.  The  extremity  of  the  lever  rests  lightly  upon  the  surface  of  the  rubber 
membrane  of  the  manometer.  When  this  system  is  displaced  by  the  move- 
ment of  the  membrane,  restitution  is  effected  by  the  force  of  gravity.  In 
another  type  of  instrument  ("  Herztonkapsel  ")  a  short  hght  hard  rubber 
bar  bearing  a  similar  mirror  is  cemented  directly  to  the  membrane,  thereby 
utilizing  its  elasticity  as  a  restoring  force.  Because  of  the  reductions  in  the 
masses  and  the  radii  of  rotation  of  the  moving  parts,  the  moments  of  inertia 
of  these  instruments  are  greatly  reduced,  their  inherent  oscillations  become 
very  rapid,  and  they  follow  cardiovascular  movements  with  great  precision. 
Edens^  and  Ohmi'  have  applied  this  method  to  a  study  of  tracings  from  man, 
but  the  complexity  of  the  finer  waves  makes  it  desirable  to  use  the  method 
on  animals.  So  far  as  we  know,  records  of  this  character  have  not  been 
published  although  Frank  and  Hess^  have  given  a  diagram  to  represent  the 
intracardiac  pressure  changes  obtained  by  this  method. 
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Methods. 

Mirror  recorders  on  the  principle  of  the  "  Herztonkapsel  "  were  improvised 
from  materials  at  hand  and  installed  before  a  small  window  in  a  photographic 
dark  room.     The  essential  features  of  the  installation  will  be  appreciated 


Fiij.  1.    Diagram  cif  Apparatus. 

A.  Filaineut  of  Nernst  Lamp. 

B.  (.'vlinclrical  lens  (test  tube  filled 

with  water). 

C.  Eleitrie  time  marker,  ten  vibra- 

tions to  the  second. 

1).  .Vchroniatie  lens,  two  inrli  dia- 
meter and  twenty-two  ineli 
[irincipal  focal  length. 

E.  Mirror  recorders. 

F.  Vertical  linear  shutter, 

adjustable. 

G.  Vertical  cylindrical  lens,  'l  inch 

class  tube  filled  with  water. 

H.      Kymograph. 

■■"p.   il.   C.  Bronnde  " 
Paper  applied  by  wire  clamps. 

(F.  G.  anci  H.   are  installed  in  a 
photographic  dark  room). 


— 
1  i  1  i 

u  ^ 

1 

Bhvation. 


Side   Elevation 


Plan. 


from  the  diagram.  Although  our  mirrors  weigh  many  times  the  2  mg.  of 
Frank's  instrument,""'  by  using  a  heavier  rubber  membrane  under  con- 
siderable tension,  oscillation  frequencies  of  120  to  lilO  per  second  were  readily 
attained,  A  graphic  method  of  determining  the  vibration  frequencies  of  the 
recorders  was  devised,  depending  on  the  principle  of  resonance,  viz.  :  the 
greatest  excursion  occurs  when  the  frequencies  of  the  recorder  and  the  sound 
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recorded  are  equal.  The  i^inging  voice  was  recorded  and  the  vibrations 
per  second  estimated  at  the  jxiint  wliere  the  excursion  was  the  greatest. 
To  obtain  a  basis  for  the  cah-ulations  of  flehiys  between  the  several  recorders 
an  attempt  was  made  to  determine  the  velocity  of  transmission  in  the 
rubl)er  tubes  connecting  the  receivers  and  recorders.  Two  entirely  ditlcrent 
methods  gave  values  of  appro.ximatcly  -W.i  and  0038  seconds  per  metre  of 
4  mm.  rubber  tubing.  It  may  be  noted  that  the  equivalent  rate  for  sounds 
in  the  open  air  is  given  as  -00303  seconds  ])er  metre.  Although  such  small 
intervals  are  almost  negligible,  we  have  none  the  less  kept  all  our  transmission 
tubes  of  the  same  length. 

When  tested  in  connection  with  the  recording  apparatus,  asseuil)leil  and 
complete  for  an  experiment,  the  record  of  a  single  impulse  was  follow etl  l)y 
two  sets  of  waves,  the  one  having  the  fre(piency  of  the  recorder  and  the 
second  ajiparently  jiroduced  in  the  recording  and  transmitting  systems  and 
varying  from  55  to  80  per  second  in  the  different  systems. 

Four  mirror  recorders  installed  in  a  single  cone  of  light,  made  it  possible 
to  obtain  four  simultaneous  records.  An  electrically  actuated  time  marker, 
making  a  complete  oscillation  in  one-iifth  of  a  second,  obscured  the  whole 
of  the  light  twice  during  this  interval,  every  alternate  mark  therefore  indicates 
a  complete  oscillation  of  ■  200  second  duration.  In  the  figures,  the  time  marker 
is  shown  as  an  interruption  of  the  line.  All  the  lines  in  a  given  curve  are 
interrupted  in  this  manner  absolutely  simultaneously. 

The  receiving  instruments  varied  according  to  the  pressures  to  be 
examined.  Pressure  curves  from  the  right  auricle  were  obtained  by  a 
modified  C'hauveaui"  auricular  sound  introduced  through  one  or  other 
jugular  vein  into  the  right  auricle.  The  intra-auricular  balloon  was  inflated 
to  any  desired  point  by  means  of  a  water  manometer,  and  the  recorder  was 
protected  from  this  pressure  by  the  introduction  of  a  shallow  air  chambia' 


To  recorder 
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divided  transversely  into  two  ])ortions  by  a  rubber  membrane.  The  rubber 
balloon  of  the  oesophageal  sound  was  stretched  over  an  expansile  steel  spring 
adjustable  from  the  oral  end.  The  caiotid  artery  was  ligatured  and  the 
sevcicd  cardiac  end  was  introduced  into  a  gi;iss  T-lul)c  w  hii'li  \vas  prox'ided 
with  a  rublx'r  curt' at  each  extremity  (P^ig.  -).  Tliis  tube  was  rigidJN'  clam|ied 
to  liic  talilc  in  <ii-(lci'  to  |iiT\cnt  gross  iii(i\  cmk-uIs.  The  cardiac  impulses 
and  jugular  tracings  were  reieived  by  ordinary  funnel  receivers  and  the 
"heart  sounds  '"  by  a  plionendoscope  loosely  suspended  against  the  chest  wall. 
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Numerous  records  were  obtained  from  four  dogs,  which  had  been 
ansesthetized  with  morpliine  and  chlorotone.  In  most  of  these  the  carotid 
curves  and  the  "  heart  sounds  "  were  taken  and  the  remaining  tambours 
were  used  for  records  of  the  external  cardiac  impulse,  the  jugular  waves,  the 
oeso])hageal  cardiogram  (left  auricle),  and  the  intra-auricular  jiressure  curve 
(right  auricle).  Satisfactory  simultaneous  records  of  the  jugular  pulse  and 
right  aui'icuiar  ])ressure  curve  at  one  time,  and  of  the  two  auricles  at  another 
were  obtained  from  the  last  dog.  All  records  were  taken  without  opening  the 
tiiorucie  cavity. 

Recognition,  of  auricular  waves. 

To  recognise  auricular  waves,  they  must  be  compared  with  known  and 
fixed  events  in  the  cardiac  cycle.  We  found  our  records  of  heart  sounds 
inadequate  for  this  purpose.  Apart  from  the  fact  that  our  records  probably 
represent  accomjianying  shocks  as  well  as  the  sounds  themselves,  the 
onsets  of  the  sounds  are  not  recorded  in  most  instances  with  sufficient 
exactitude  to  be  useful  for  accurate  measurements.  On  the  other  hand,  the 
beginning  of  the  carotid  pulse  and  its  well  marked  dicrotic  incisure  furnished 
definite  i)oints  of  departure  for  careful  measurements.  If  the  exact  trans- 
mission time  of  these  waves  from  the  heart  to  the  neck  were  known,  these 
l)oints  would  give  an  exact  record  of  the  opening  and  closing  of  the  aortic 
semilunai'  valves.  The  uncertain  and  probably  variable  delay,  due  to 
transmission  from  the  aortic  valves  to  the  neck,  introduces  an  element  of 
uncertainty  into  fine  calculations.  The  estimated  delay  to  the  neck,  on  the 
assumjition  that  the  arterial  wave  travels  .seven  meters  per  second  and  that 
this  distance  is  14  cm.,  would  be  0020  seconds.  Direct  measurements  were 
made  in  one  animal  by  comj)aring  the  carotid  tracing  with  an  arterial  pulse 
obtained  by  means  of  the  tesophageal  i-ecorder  and  from  this  we  estimate  that 
the  total  delay  to  the  carotid  must  l)e  in  the  neighbourhood  of  0025  seconds. 
Finally,  in  a  few  instances,  w  lierc  the  record  of  the  second  sound  shows  an 
abrupt  onset  the  time  to  the  dicrotic  incisvuc  of  the  carotid  measures  from 
0025  to  0028  .seconds. 

Our  tracings  have  been  very  carefully  measured  l)v  means  of  hair  line, 
lens,  and  vernier,  in  tenths  of  a  millimeter  from  a  selected  time  mark  and  have 
been  calculated  to  thousandths  of  a  second  ;  these  values  have  been  written 
upon  the  tracings  reproduced.  All  readings  were  calculated  and  tabulated 
before  the  time  intervals  were  examined.  Taking  into  consideration  the 
vibration  times  of  the  recording  instruments  and  the  fact  that  the  estimation 
of  an  interval  involved  four  readings  with  time  calculations,  we  beheve  that 
the  error  in  the  estimated  intervals  rarely  if  ever  exceeded  0006  seconds. 

General  form   of  auricnlar  tracings. 

Wliilc  tlic  general  form  of  the  auiicular  tiacings  ol)tained  liy  this  nietliod 
did  not  difi'er  materially  from  that  described  by  others,  a  number  of  finer 
waves  were  obtained.     The  auricular  wave  («)  (Fig.  3)  is  always  conspicuous 
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and  is  fieqiR'utly  notched,  as  a  result,  we  believe,  of  inertia  phenomena  in  the 
iluid  masses  in  the  auricle  and  great  vessels. 

The  a  wave  on  the  oesophageal  tracing  varies  somewhat  witli  the  position 
of  the  sound  receiver.  In  our  opinion  the  receiver  should  lie  l)ehind  the  ujiper 
portion  of  tiie  left  auricle  and  all  the  tracings  rejiroduced  are  from  this  position 
as  demonstrated  by  autojisy.  The  contraction  of  the  left  auricle  is  usually 
marked  by  an  early  ])Ositive  followed  by  a  longer  negative  wave.  Its  begin- 
ning is  never  sharply  marked.  Under  certain  unknown  conditions  (Fig.  4) 
a  single  long  gentle  elevation  appears,  which  begins  considerably  before  the 
auricular  wave  on  the  right  intra-auricular  tracing  and  therefore  is  not 
due  to  auricular  contraction.  The  beginning  of  the  auricular  contraction 
is  probably  marl^ed  by  tlic  small  notch  indicated  in  the  figure  and  the 
preceding  rise  is  probably  analogous  to  the  stasis  wave  of  the  jugular  pulse. 

The  c  and  v  waves  are  double  crested  and  for  convenience  we  shall 
speak  of  the  crests  as  the  c,  and  c,  and  the  v,  and  c,  waves,  the  numerals 
referring  to  the  first  or  second  crests  of  the  principal  waves.  Quite  commonly 
also,  a  series  of  other  waves  lies  between  the  c  and  v  waves,  for  which  we  are 
unable  to  give  an  adequate  explanation.  Their  duration  is  too  long  to  be 
accounted  for  by  instrumental  oscillation,  and  they  will  not  be  further 
discussed.  Not  infrequently  a  positive  wave  ajjpears  late  in  diastole  which 
is  probably  the  C(juivalent  of  the  h  wave  of  Hirschfelder.* 

Cdii'SC  of  double  crests  on  tlie  "c  "'  and  ■'  r  "  inins. 

At  first  sight  one  might  assume  that  the  double  crests  on  the  c  and  v 
waves  were  due  to  secondary  oscillations  arising  either  in  the  instruments 
or  the  cardiovascular  system.  We  have  discarded  this  supjjosition  on  the 
grounds  that  (1)  the  phenomenon  is  very  constant  in  these  positions  and 
occurs  nowhere  else  ;  (2)  the  intervening  period  is  greater  than  that  deter- 
mined for  instrumental  oscillations  and  greater  than  that  of  other  small 
waves  on  the  tracing  ;  (."5)  the  interval  is  variable  ;  (4)  the  second  Mave 
may  be  greater  than  the  first,  therefore  it  does  not  follow  the  rule  for 
secondary  oscillations,  which  dechne  in  size  ;  and  (5)  it  is  possible  to  refer 
them  to  events  in  the  cardiac  cycle. 

In  attempting  to  establish  a  definite  time  relation  between  the  small 
crests  on  the  r  and  v  waves  on  the  one  hand  and  the  rise  and  dicrotic  incisure 
of  the  carotid  artery  on  the  other,  it  is  soon  found  that  tracings  from  the 
right  auricle  are  unsatisfactory,  because  the  time  relations  vary  considerably 
and  quite  unaccountably. 

When  the  carotid  tracing  is  compared  with  that  of  the  left  auricle 
(oesophageal  cardiogram),  however,  definite  time  relations  can  be  established. 
The  second  crest  of  the  c  wave  {c.,)  (Fig.  4,  5,  6)  is  found  to  ])recede  the  onset 
of  the  carotid  ])ulse  by  an  interval  which  varies  from  OOlll  to  0028  .seconds 
and  averages  ()(I23  seconds  (ten  measurements),  while  the  first  crest  of  the 
V  wave  ()',)  precedes  the  dicrotic  notch  by  an  interval  which  varies  from 
0-017  to  0028  seconds  and  averages  0022  seconds  (eleven  measurements). 
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These  relations  are  so  constant  in  the  same  animal  and  the  intervals  are  so 
nearly  those  that  correspond  to  the  transmission  of  the  artei'ial  waves  from 
the  beginning  of  the  aorta  to  the  carotid  that  we  believe  that  these  two 
crests,  c,  and  d,  I'esjiectively,  correspond  in  time  to  the  opening  and  closing 
of  the  aortic  semilunar  valves.  It  is  worthy  of  note  that  where  a  definite 
shoulder  precedes  the  dicrotic  incisure  of  the  carotid  the  descending  limb  of 
the  incisure  shows  a  duration  approximately  equal  to  the  ascending  limb  of  i',. 
Of  the  remaining  two  crests,  that  of  c,  precedes  the  carotid  rise  by  an 
interval  which  varies  from  0055  to  0-102  seconds,  with  an  average  of  0072 
seconds  (ten  measurements).  Since  the  semilunars  open  only  -025  seconds 
before  the  wave  reaches  the  neck,  the  crest  c,  must  occur  from  -O.'SO  to  -077 
seconds  before  this  event.  It  is  therefore  definitely  prcsj)hygmic  and  wo 
have  attributed  it  to  mitral  closure.  The  final  crest,  c.,,  occlu's  from  0007 
to  0025  seconds  after  the  dicrotic  notch  on  the  carotid  artery.  It  is  therefore 
definitely  postsphygmic  and  we  have  attributed  it  to  mitral  ()j)ening.  The 
time  relati(jns  of  these  waves  harmonise  w  ith  the  exjjlanations  proposed  for 
the  production  of  the  c  and  v  waves  ;  the  u))stroke  of  the  former  corresponding 
to  the  beginning  of  ventricular  systole  and  closure  of  the  auriculo-ventricular 
valves  ;  the  final  summit  of  the  latter  corresijonding  to  the  opening  of  these 
valves  and  the  first  rush  of  blood  from  the  aiuicles  to  the  ventricles.  As  an 
explanation  for  the  notched  character  of  the  c  wave,  we  would  suggest  that 
the  down  stroke  of  r,  is  due  to  the  elastic  recoil  of  the  mitral  valves  and  the 
upstroke  of  t^  to  the  momentary  increase  in  pressure  which  precedes  the 
opening  of  the  aortic  valve  at  the  time  when  the  opposing  force  of  the  inertia 
of  the  blood  in  the  ventricle  and  great  vessels  is  greatest.  The  cons])icuous 
fall  after  the  c .  may  be  assigned  to  the  causes  usually  given  for  tlie  fall  during 
early  systole  :  i.e..  auricular  diastole,  descent  of  the  auriculo-ventricular 
sei)tum,  &c.  Likewise  the  general  tendency  to  a  rising  pressure  in  the 
later  part  of  systole  differs  in  no  respect  from  that  seen  on  tracings  taken  by 
other  methods.  The  more  abrupt  rise  that  marks  the  onset  of  y,,  corre- 
sponding to  the  sharper  carotid  fall  which  precedes  the  dicrotic  notch, 
probably  coincides  witli  the  cessation  of  ventricular  effort  and  relief  from 
the  distorting  effect  of  the  outflow  upon  the  ventricular  sha])e.  The  shock 
of  semilunar  closure,  administered  by  a  downward  force  directed  against 
the  point  of  insertion  of  the  valves,  jjrobably  carries  a  j)ortion  of  the  auricular 
floor  with  it.  thus  causing  a  momentary  decrease  in  infra-auricular 
])ressure.  Tin-  final  fall  corresj)onds  to  that  seen  in  ordinary  tracings. 
We  offer  the  aliove  explanations  in  order  to  show  that  the  notched  character 
of  the  chief  waves  can  be  brought  into  accord  with  existing  theories  as  to  the 
events  in  the  caidiac  cycle. 

/.'((•/■  (ij  .^jiiichriiinioii  hclirfi  )i  Ijii    inircs  aj  IIk    hrn  iitirlr/r.<i. 

The  (liriicult  ics  encountered  in  atteitipting  In  refer  tlie  waves  of  the  riglit 

auricle  to  the  iixed  points  of  tiie  carotid  pulse  have  already  l)een  alluded  to. 

The  cause  of  these  difhculties  becomes  a])parent   when  the  pressure  curves 

froux  the   right   auricle   are   recorded   simultaneously    with    the   cesojjhageal 
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cardiograms.  From  Fii;.  .'!,  4  and  •">.  it  w  ill  he  soon  that  tiie  fine  waves  in  the 
two  auricles  are  rarely  synehi-diioiis.  aiul  that  the  discre|)ancies  frequently 
exceed  what  we  regard  as  allow  alilc  limits  of  error.  Indeeii  it  is  at  times 
(liflitMill  to  identify  homologous  \\a\-es  of  the  two  auricles.  This  was  eoii- 
slantly  line  of  the  /•  waves  in  llic  last  dog  examined  and  throughout  our 
tracings  fi'om  this  animal  the  main  lall  in  |)i'essure  in  the  I'ight  auricle  at  the 
end  of  systole  begins  Itefore  the  dicrotic  incisure  of  the  carotid,  whereas 
the  v.,  of  the  left  auricle  always  occurs  after  the  incisure.  If  we  assume  that 
the  former  represents  the  v..  of  the  right  auricle,  then  ]ieriods  of  003  to  0-Ofi 
seconds  must  have  intervened  between  homologous  events  in  the  two  sides 
of  the  heart,  at  the  end  of  ventricular  systole  ;  a  condition  analogous  to  that 
which  gives  rise  clinically  to  a  i-edu])lication  of  the  second  heart  sound.s. 
Einthoven-  states  that  the  i-ecords  of  distinct  redujilication  of  the  second 
sounds  often  show  (•  (>!  to  O-O;}  seconds  of  com])lete  rest  between  the  two 
com])onents  :  and  Weis.s  and  .Joachim^''  speak  of  an  interval  of  0-06  second. 
Since  these  figures  refer  to  the  )ieriods  of  silence,  and  not  to  ditiferences  in  the 
times  of  onset  of  the  sounds,  the  lack  of  synchronism  is  C(uite  as  marked  as  in 
oiu'  la.st  dog.  In  our  o])inion  slight  discrepancies  in  time  betw  een  homologous 
waves  on  the  two  sides  of  the  heart  are  very  common. 

In  Fig.  ()  there  are  three  waves  at  the  beginning  of  each  systole,  the  fh'sf 
being  larger  on  the  cesophageal  tracing,  the  second  larger  on  the  right  auricular 
and  the  third  conspicuous  on  both.  In  such  a  case  it  seems  probable  that 
the  mitral  valve  closed  before  the  tricusjiid  and  that  each  produced  a  large 
wave  in  its  own  auricle  and  a  smaller  \\;\\v  on  the  o]iposite  side. 

('oiiijiiin'.'<<iii   (it  jiif/iilfir  mill  rli/Iif  iiiiriciiJiir  Inirnigft. 

Tracings  from  the  right  external  jugular  vein  of  the  dog  (Fig.  H  and  7) 
in  most  instances  showed  the  three  usual  waves  :  the  ii  and  v  waves  being 
|iart  icularly  well  maik<'d.  Comparison  with  simultaneous  tracings  fi'om  tlu^ 
right  auricle,  obtained  by  introducing  a  sound  through  the  left  jugular, 
shows  that  the  delay  in  1 1'ansmission  is  considerable  and  variable.  For 
example,  in  three  curves  selected  at  random  fi'om  the  same  experiment, 
the  delay  of  the  ii  waves  is  (i(>7!i,  ()-0!i(i  aiul  0-112  seconds,  resjiectively  ; 
while  the  delay  in  tlie  v  wa\cs  is  01 7.'),  0-:247  and  0-278  seconds.  Further- 
nu)rc,  in  the  dog  the  finer  waves  of  the  aiu'icular  tracing  are  usually  lost  in  the 
jugular  vein.  This  is  probably  due  to  the  interposition  of  a  valve  at  the 
junction  of  the  external  jugular  with  the  brachio-cephalic  vein.  When 
the  force  and  duration  of  the  waves  from  below  is  sufficient  to  overcome  the 
condiined  forces  of  the  venous  jiressure  and  the  inertia  of  the  moving  column 
of  l)lood,  the  valves  are  closed.  The  volume  of  blood  will  then  increase  at 
a  fairly  uniform  rate  in  the  \cin  and  the  ascending  limb  of  the  resulting 
tracing  will  move  u])ward  in  a  line  wluise  inclination  to  the  horizontal 
gradually  diminishes  as  the  vein  fills  and  the  pressure  within  rises.  These 
conditions  are  seen  to  be  almost  fulfilled  in  ovu'  jugular  tracings  from  the  dog 
(Fig.  8).  The  upstrokes  of  the  princijial  waves  are  })ractically  parallel, 
the  lower  ])ortions  being  slightly  more  vertical  than  the  upper  portions.     The 
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tracings   from    the   external  jugular    vein    of    the    dog    therefore   show    the 
characteristics  of  stasis  waves. 

In  man  it  is  usually  ]iossihle  to  obtain  a  venous  tracing  over  the  jugular 
bulb,  below  the  point  at  A\hicli  valves  break  the  continuity  of  the  blood 
column,  and  one  may  therefore  expect  tliat  the  finer  details  of  the  intra- 
auricular  curves  will  be  recorded  on  the  jugular  pulse  under  favourable 
circumstances.  The  exact  inter])retation  of  these  finer  waves  is  difficult  on 
account  of  the  uncertain  delay  of  their  transmission  to  the  neck,  the  inter- 
ference of  carotid  or  other  arterial  ])ulsation  and  the  lack  of  synchronism 
between  the  events  in  two  sides  of  the  heart. 

Conclusions. 

1.  By  means  of  the  miri'or  recorder  of  O.  Frank,  waves  may  be  demon- 
strated on  the  cesoj)hageal  cardiogram  of  dogs  which  bear  a  definite  relation 
to  the  opening  and  closing  of  the  aortic  semilunar  valves.  These  waves 
cause  a  bifurcation  of  the  ordinary  c  and  v  waves. 

2.  Pressure  curves  from  within  the  right  auricle  show  waves  in  every 
way  similar  to  those  in  the  oesophageal  tracing  and  are  referred  to  analogous 
events  on  the  right  side  of  the  heart. 

3.  The  waves  in  the  two  auricles  are  not  exactly  synchronous,  and  the 
phenomena  on  the  right  side  of  the  heart  cannot  be  accurately  correlated 
with  those  on  the  left. 

4.  The  pulsations  in  the  external  jugular  veins  of  the  dog  show  the 
characteristics  of  stasis  phenomena. 
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OBSERVATIONS    UPON    THE    EFFECTS    OF    STROPHANTHIN    IN 
CASES    OF    AURKTTLAR    FIBRILLATION.* 

By  C.  D.  S.  AGASSIZ. 

{From  the  Citij  of  London    HoApilid  for   Disea-^es  of  the  Chest.) 

The  first  account  of  tlie  intravenous  administration  of  stroiihanthin  as  an 
alternative  to  digitalis  in  cases  of  heart  disease  is  by  Fraenkel.-  He  noted 
increased  amplitude  and  slowing  of  the  jjulse,  and  diuresis  as  a  result  of  the 
injection  of  stro]ihanthin.  The  dosage  em]iloved  l>y  him  was  usually  1/04 
grain  (1  milligramme)  which  he  stated  should  not  be  re])eated  for  24  hours. 
Other  writers  (Liel)ermeister,'''  Hoe])ffner,^  Flesch,^  &c.)  have  used  strojihan- 
t  bin.  chiefly  in  cases  of  heart  disease,  in  doses  of  from  l/25()  grain  (-2.5  milli- 
gramme) to  1/33  grain  ( 1  !•  milligrammes)  and  their  results  were  similar  to 
those  obtained  by  Fraenkel.  Few  of  these  writers,  however,  give  gra]ihic 
lecords  of  the  cases  treated  with  stro])hanthin  and,  ajiart  from  these  and  from 
the  statements  of  the  beneficial  effects  which  folloA\- and  the  dosage  employed, 
no  sufficiently  clear  indication  is  given  as  to  the  type  of  case  which  reacts 
most  cons])icuously.  Flesch^  gives  radial  and  venous  curves  from  a  case 
treated  with  strophanthin  and  these  curves  are  evidently  taken  from  a  case 
of  auricular  fibrillation.  Bailey'  reports  a  case  of  auricular  fibrillation 
treated  with  stroj)hanthin  and  Zwaluwenburg*  records  the  results  obtained 
by   the   use   of   strophanthin   upon  three  cases  of  auricular  fibrillation. 

For  a  number  of  years  digitalis  has  been  known  to  ]>rodnce  striking 
results  in  cases  of  cardiac  failure,  but  the  type  of  case  in  which  it  acts  so 
beneficially  has  only  been  isolated  within  recent  years  by  the  work  of  Mac- 
kenzie." The  success  which  has  attended  digitalis  administration  is  very 
largely  attributable  to  its  action  upon  a  definite  group  of  clinical  caises, 
which  are  now  classified  as  instances  of  auricular  fibrillation,''  and  a  con- 
siderable advance  in  the  therapy  of  heart  affections  has  been  made  by  the 
isolation  of  this  grouji  and  the  discovery  of  the  specific  action  of  digitalis 
on  it.  It  is  well  known  that  a  large  proportion  of  patients  who  have  auricular 
fibrillation  show  a  cons|)icuous  and  beneficial  reaction  to  the  drug,  while 
patients  who  do  not  suffer  from  this  cardiac  disorder  are  either  affected  to  a 
far  less  extent  or  actually  harmed  liy  its  eni])loymcnt. 

Observations. 

The  jiresent  investigation  has  been  pursued  along  lines  indicated  by 
Mackenzie's  work.  The  object  has  been  an  inquiry  into  the  action  of 
strophanthin  on  that  grouj)  of  cases,  namely,  auricular  librihation,  in  which 
the  allied  drug,   digitalis,   is  so  effective. 

*  The  observations  were  inade  at  the  siig;,'estiipri  of  Dr.  T.  Lewis  to  whom  1  am  iiiucli  iiutebtod 
for  assistance.      1  am  also  indilited  to   Dr.  W.  .J.    Hadloy   for  permission   to  pnblish  the  clinical 
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r'ases  jiresenting  tlu-  fomjjlctc  irr.-<.'iilaiity  wliidi  aopon)))ani('s  auricular 
filiiillatidti  were  alone  investigated  and  in  eacli  ease  the  nature  of  the 
irreguhirity  was  estalilished  liy  |)iilygra|iiiic  tracings  taken  on  numerous 
occasions.     In   all.  seven   eases   have    iieen    invest iyatecl.     It   has   not   been 


I     •    ■    I   V    I 


f  1   I   'I    I   <    >    »    I    V  I'  »   I    »   » 


ffr  ^^frrTirT»*'iiiyi»»''»'y»T''*»i*''''r 


■  TTf»^fTITTirt'ir*T' 


j^jV^'l^V-JV--j-\.-IV^vJ^. 


Fij;.    1.     Four  polygrajili  oiirvps  from  CASE  5.  taken  on  Oftolior  tlio  7th,  101 
stro|iliautliin  ( 1  250 grain)  were  given  at  12.22  p.m.  and  3.22  |i.m.  and  a  thir 
ii.2."i  ]>.ni.     Tlie  curves  eorres]ion<l  to  the  hovu's  12.0  noon,  12.4.5.  3.45  and 
lively.     Tlie  rates  for  the  full  half  minute  at  these  times  were  KiO.  132, 


Oetolier  the  7th,  1011.     Injections  of 

-  third  (1  '500  grain)  at 

,  8. 15  p.m.,rpspec- 

i.,.,  .„,,■   ...,..,..v    c^   ...^.,v.    .....v., .    ...■-..  .„-,  110  and  S2.       In 

each  tracing  gross  irregularity  of  the  pulse,  and  the  ventricular  form  of  venous  pulse  is  shown. 


considered  necessary  to  give  curves  from  each  case.  A  few  curves  (Fig.  l)from 
one  case  {CASE  J)  are  given  as  examj>Ies  ;  the  curves  from  the  other  cases 
were  equally  characteristic.  Throughout  these  investigations  I  have  taken  a 
gross  irregularity  of  the  heart  beat  accomjianied  by  the  ventricular  form  of 
venous  pulse  as  a  criterion  that  auricular  filirillation^  was  jDresent.  The 
stated  heart  rates  have  been  calculated,  ^\ithout  exception,  from  curves 
taken    from    the   patients.     AVlicre   the   venous   or   ajiex   beat   rate   did    not 
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correspond  to  tliat  of  tlie  radial  ]iulse,  one  or  other  of  the  first  two  has  been 
used  as  an  index  of  the  true  rate  of  heart  beat.  In  the  great  majority 
of  cases  the  heart  rates  ]iei'  minute  have  been  calculated  from  strips  of  curve 
of  not  less  than  30  seconds  duration. 

Before  administering  strojdianthin  to  any  patient  an  interval  of  at 
least  four  days  elapsed,  from  the  date  of  admission.  During  this  time  the 
patient  remained  in  bed  and  no  drugs  of  the  digitalis  group  were  given. 
Sufficient  time  was  allowed  for  the  excretion  of  any  drug  given  previous  to 
admission.  The  strophanthin  employed  was  that  sold  by  Messrs.  Burroughs, 
Wellcome  &  Co.  It  is  sent  out  in  tabloid  form,  each  tabloid  containing 
1/500  grain  of  strophanthin. 

Method  of  (uliHiiiistnition.  The  syringe,  needle,  measures  and  test  tubes 
having  been  sterilised  by  boiling  for  15  minutes,  the  required  dose  of  strophan- 
thin was  dissolvt'd  in  normal  saline  solution  (1  in  8,000)  and  this  was  then 
drawn  up  into  the  syringe,  care  having  been  taken  to  expel  all  air  bubbles  from 
the  syringe  l)efore  injection.  A  bandage  was  applied  tightly  to  the  upper 
arm  and  the  front  of  the  elbow  was  cleansed  in  the  usual  way.  A  ]irominent 
vein  was  selected  and  the  needle  was  pushed  gently  into  it.  The  bandage 
was  then  loosened  and  the  solution  slowly  injected.  The  time  taken  to 
inject  the  whole  of  the  solution  has  been  from  a  half  to  one  minute. 

Results  of  injections.  In  all.  the  results  of  45  injections  have  been 
observed.  The  dosage  employed  varied  from  1/500  grain  to  1/250  grain. 
In  some  instances  isolated  injections  were  given,  in  other  cases  the  injections 
were  repeated  at  intervals  of  1  to  3  or  more  hours.  In  the  majority  of  cases 
it  is  unnecessary  to  inject  more  than  1/250  grain  in  order  to  obtain  slowing 
of  the  pulse,  often  of  considerable  extent,  slowing  which  can  be  maintained 
and  increased  by  repetition  of  the  injection. 

In  my  earlier  observations  I  adopted  what  was  considered  a  perfectly 
safe  dose,  namely,  1/500  grain,  and  injected  it  into  three  patients  (CASES 
2,  3  and  4)  watching  the  subsequent  effect  on  the  heart  rate.  The  effect 
of  such  a  dose  is  insignificant,  the  heart  rate  falling  as  a  rule  by  not  more 
than  10  to  20  beats  per  minute  and  this  effect  being  transient. 

The  following  are  examples  of  the  results  obtained  : — 
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It  became  apparent  that  single  doses  of  1/500  grain  are  insufficient 
therapeutically  and  conserpiently  this  dose  was  repeated  at  intervals  of  one 
liour,  four  or  five  injections  lieing  given.  Providing  that  the  heart  rate  is  rapid 
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Fig.  2.  CASE  7.  Illustrating  tlip  rapid  fall  of  rate  which  occurs  when  injections  of  1/500  grain 
are  given  at  intervals  of  one  hour ;  the  full  details  of  this  patient,  and  of  others  charted, 
will   be  found  at  the  end   of  tliis    paper. 
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Fig.  3.  CASE  3.  Illustrating  the  fall  of  ventricular  rate  after  two  injections  of  1/250  grain, 
separated  by  an  interval  of  2  hours.  The  heart  rate  fell  from  184  to  9(i  per  minute  within 
15  hours. 
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a  series  of  such  injections  produces  a  considerable  tall  of  ventricular  rate, 
which  occurs  in  ste])s,  following  the  S32:)arate  injections  ;  so  that  even  in  the 
instance  f)f  a  ra])id  heart  the  rate  may  be  reduced  almost  to  the  normal 
shortly  after  the  last  injection  is  administered.     (Fig-  -•) 

When  the  initial  ventricular  rate  is  slower,  this  method  of  administration 
seems  to  jDroduce  but  slight  retardation. 

Initial  \'enti!Ii'Iilai!       Full  Effect  of 

Ratk.  REi'EATEn   Doses.  Remakks. 

CASE    .3  122  |iiT  minute.  KMi  per  miiuite.  Not  attained    until    (ij 

hoiir.s  after  last  in- 
jection. Four  in- 
jeetinns  gi\'en. 

CASE  7  121   |wr  niiriul...  1  12  p.  r  niiniite.  Two  injections  of  l/.iOO 

grain  each  given. 
Rate  not  further  re- 
duced until  1/250 
grain    given. 

Tlie  injection  of  doses  of  1/500  grain  in  scries  has  the  disadvantage , that 
the  dose  needs  frequent  repetition  at  relatively  short  intervals.  Consequently 
a  larger  dose  was  employed,  1/250  grain  being  administered,  at  first  as  a 
single  injection.  The  actual  result  is  varial)le,  but  a  striking  fall  of  ventricular 
rate  almost  always  occurs  (Fig.  5)  and  usually  amounts  to  20  to  40  l>eats  per 
minute.  The  fall  commences  promjitly  after  the  injection  and  is  steeliest 
during  the  first  half-hour,  l)ut  it  mav  be  continued  for  24  hours. 
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But  it  is  only  rarely  that  1/250  grain  yields  the  desired  effect,  namely, 
re-establishment  of  the  normal  heart  rate.  A  second  injection  of  1/250 
grain,  given  within  two  or  three  hours  of  the  first,  produces  furtherw  sloing 
and  normal  heart  rates  are  almost  reached.  The  fall  after  the  second  injection 
is  generally  greater  than  that  which  succeeds  the  first,  but  it  must  be  remem- 
bered that  when  the  second  injection  is  given  the  ventricular  rate  is  still 
falling  as  a  result  of  the  first  injection.  Even  two  doses  of  1/250  grain 
each  are  often  insufficient  to  abolish  the  tachycardia,  though  the  i)ulse 
may  often  fall  to  90  or  100  jier  minute.  It  may  be  necessary  to  give  a  third 
dose  of  1/250  grain  or  1/500  grain  to  complete  the  efi'ect.  The  accompany- 
ing charts  (Fig.  3  &  4)  illustrate  the  conspicuous  falls  of  ]>ulsc  rate  which 
occur   when  strophanthin  is  administered  in  this  manner. 

Thus  the  desired  result  may  be  obtained  as  a  rule  by  two  or  three 
injections  of  1/250  grain  given  over  a  period  of  4  to  9  hours.  Necessarily 
the  required  dosage  is  not  constant  from  case  to  case  ;  in  one  case  a  single 
dose,  in  others  two  doses  of  1/250  grain,  are  sufficient,  while  in  yet  others 
an  extra  1/250  grain  or  1/500  grain  must  be  given  before  the  heart  rate  is 
reduced  to  normal  (Fig  3  &  4).  More  than  three  injections  are  as  a  rule 
unnecessary. 
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Fig.  4.  CASE  5.  Sliowing  the  rapid  fall  of  ventriciilar  rato  iiroilucod  by  two  injections  of 
1  '25(1  grain  and  one  of  1  '500  grain  given  at  intervals  of  tliree  hours.  The  abrupt  fall  during 
tlie  thirty  minutes  following  eaeh  injcetion  is  very  clearly  shown.  This  chart  illustrates 
tlie  return  to  norrnnl  from  a  rapid  rate  shortly  after  the  last  injection  of  strophanthin. 
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.  5.  C'.-1N£  7.  Illustrating  the  effect  of 
hours  by  one  of  1,500  grain.  The  elTuct 
considerable. 


an  injection  of    1  250  grain,  followed  after  three 
of  the  first  injection  on  the  heart-rate  was  very 
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Fig.  {).  CASE  7.  Coni|iiled  I'roiii  a  tracing  takt'ii  continuously  for  24  minutes  after  an  injection 
of  1/250  grain  (tlie  first  injoetion  shown  in  Fig.  ">).  It  shows  clearly  the  immediate  and 
uniform  effect  of  stro|ilKiiithin  on  the  heart. 


The  perniiuiency  oj  ef/'ecls.  After  a  single  injection  of  1/250  grain  the 
slowing  of  the  heart  rate  ])ersi.sts  for  12  to  (iO  h(uns  {CASES  -1  and  -J),  after 
which  time  there  i,s  a  gradual  return  towards  the  original  rate.  If  the 
ventricular  rate  is  reduced  to  the  normal,  by  two  or  more  doses,  the  slow- 
action  of  the  heart  is  maintained  for  a  variable  ])eriod  of  from  .3  to  10  days. 
The  duration  of  the  effect  seems  to  dejiend  upon  the  degree  of  slowing  of  the 
heart  rate  rather  than  upon  the  method  of  dosage  adopted  or  the  total 
amount  of  strophanthin  given.  The  acceleration  which  follows  is  spread 
over  a  week  or  a  longer  ]>eriod  and  e\enfually  the  rate  re-attains  the  level 
at  which  it  stood  originally.  If  extra  doses  are  given  during  the  ])eriod  of 
acceleration,  the  reaction  is  j^rompt  and  conspicuous  :  the  iieart  slows  once 
more,  A  characteristic  illustration  of  this  gradual  acceleration  of  heart  beat 
and  the  abruj)t  drop  after  the  administration  of  strophanthin  is  shown  in  the 
accompanying  charts  (Fig.  7,  CASE  7  ;   Fig.  8,  CASE  o). 

It  is  unnecessary  to  reduce  the  rate  of  heart  beat  lower  than  SIO  to  100 
per  minute,  for,  as  soon  as  this  has  been  accom])lished,  the  symptoms  of 
distress  rapidly  disappear  and  as  the  effect  lasts  for  from  3  to  10  days,  or  longer, 
more  than  a  sufficient  armistice  is  established  during  which,  in  a  case  of 
urgency,  the  heart  may  be  brought  under  the  full  influence  of  other  members 
of  the  same  group  of  drugs. 
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Other  effects  produced  by  strophantkin  injection.  The  general  condition 
of  the  patient  shows  an  ahuost  immediate  imjirovement.  '^'y^nosis,  when 
present,  diminishes  or  completely  disappears  and  the  sa.  o\v  or  ichteroid 
com]ilexion  gives  place  to  one  of  more  healthy  colour.  hen  dyspnoea  is 
tiriginally  piesent  it  quickly  disappears  and  within  a  few  hours  an  orthopnoeic 
patient  may  lie  flat  in  bed  without  discomfort,  and  with  an  almost  normal 
resjjiratory  rate.  In  those  patients  who  are  wakeful,  the  reaction  of  the 
heart  is  accompanied  or  followed  by  sleep  within  a  few  hours.  Oedema, 
when  present,  quickly  vanishes.  An  enlarged  liver  decreases  rapidly  in  size. 
Coupling  of  the  ventricular  beats  occurs  but  rarely  (it  was  seen  for  a  brief 
period  in  CASE  1).  An  appreciable  decrease  in  the  extent  of  the  deep 
cardiac  dulness  was  only  observed  in  one  case  (CASE  6).  In  cases  in  which 
a  full  diastolic  bruit  is  present  on  admission  this  bruit  becomes  early  diastolic 
in  time  when  the  heart  rate  returns  to  normal.  In  some  cases  strophanthin 
produces  a  conspicuous  diuretic  effect.  Mackenzie  noted  in  his  pajjer  that 
digitalis  only  produces  an  increased  flow  of  urine  in  cases  in  which  oedema 
is  present.  The  same  statement  apjDcars  to  apply  to  strophanthin  (see 
CASE  ?).  In  CASE  J  sudden  death  occurred  12  hours  after  the  last  injection 
of  strojihanthin  ;  a  total  of  1/100  grain  had  been  given  within  the  space  of 
six  hours.  The  pulse  had  been  constant  at  80  to  90  per  minute  during  the 
last  two  hours  of  observation  and  nothing  abnormal  was  noted  during  the 
night.  The  patient  had  slept  well  and  in  the  early  morning  she  stated  that 
she  felt  much  better.  Shortly  after  this  she  complained  of  a  pain  in  her 
abdomen  and  a  few  minutes  later  dropped  back  dead,  ^\^lether  death  was 
due  to  the  strophanthin  or  not  it  is  impossible  to  say.  Rises  of  temperature 
(of  1  to  3  or  i  degrees)  on  the  day  of  injection  or  upon  the  following  day  occur 
frequently  (CASES  2.  4  and  7)  and  usually,  when  injections  are  given  on  two 
consecutive  days,  the  rise  of  temperature  is  more  evident  on  the  second  day. 
This  temperature  reaction  occurred  most  readily  in  a  patient  who  exhibited 
signs  of  arterio-  and  cardio-sclerosis  (CASE  4).  Pain  and  transient  inflam- 
mation at  the  site  of  injection,  appearing  shortly  after  injection,  and  persisting 
for  one  to  two  hours,  is  of  frequent  occurrence  ;  but  it  is  insufficient  to  account 
for  the  rise  of  temperature.  In  two  of  my  cases  (CASES  2  and  4)  cramp  and  a 
feeling  of  numbness  in  one  or  other  foot  and  leg  were  complained  of,  but  in 
neither  was  there  any  alteration  in  the  appearance  of  the  hmb  or  impairment 
of  sensation  ;   these  sensations  did  not  persist  for  any  length  of  time. 

The  types  which  react  to  strophanthin. 
The  effect  of  strophanthin  on  cases  of  auricular  fibrillation  with  a  rapid 
heart  rate  is  very  similar  to  that  of  digitahs,  but  its  action  is  more  rapid. 
The  ventricular  rate  is  profoundly  affected  in  young  subjects  with  a  previous 
history  of  rheumatism,  but  cases  -which  give  no  history  of  rheumatism 
also  react.  In  a  single  instance  of  arterial  and  myocardial  disease  occurring 
in  an  elderly  subject,  the  effect  on  the  heart  rate  was  slight  and  transient 
and  conspicuous  rises  of  temperature  occurred  after  each  series  of  injections. 
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In  one  case  the  auricular  fibrillation  was  paroxysmal  (CASE  6). 
Strophanthin  reduced  the  heart  rate  (Fig.  9),  but  apparently  prolonged 
the   paroxysm. 

C0NCLUSION.S. 

1.  Stroi)hanthin,  administered  intravenously,  has  a  very  similar  action 
to  that  of  other  members  of  the  digitalis  series,  when  employed  upon  cases  of 
auricular  fibrillation.  It  is  a  powerful  and  serviceable  remedy  when  a  rapid 
reduction  of  heart  rate  is  desired  in  cases  of  auricular  fibrillation  in  young 
subjects  or  in  those  cases  which  give  a  history  of  rheumatism.  The  heart 
rate  may  bo  reduced  from  180  or  160  to  100  or  80  per  minute  within  six  or 
eight  hours  ;  the  effect  is  lasting  from  at  least  three  to  ten  days  (GASES 
3  and  7). 

2.  The  method  of  administration,  which  has  been  found  most  suitable, 
consists  of  the  injection  of  1/2.50  grain,  repeated  after  three  hours,  and 
followed  after  a  further  interval  of  three  hours  by  an  injection  of  1/500  grain, 
if  required. 

3.  In  addition  to  its  effect  upon  the  heart,  strophanthin  2)roduces 
diuresis  in  cedematous  patients,  and  alleviates  all  urgent  symi^toms  within 
a  very  short  space  of  time. 

4.  The  injections  may  be  followed  by  pain  at  the  site  of  injection  and 
by  a  rise  of  temperature.  In  one  instance  a  patient  died  unexpectedly 
some  12  hours  after  the  injections  had  ceased. 

Detailed  Retort  of  C.vses. 

CASE  1.      C.   C,  a  wmnnn,  ini'd  44.      Auricular  fihrillalliin.      Milrul  stenosis  ami  iiironipr/riirr. 

Great  improvement  in  tli<    i/eneral  coneiition  eind  considerable  reduction  of  the  In  art  rale  as  a 

result  of  the  administreition  of  strojdianthin. 

Admittoil  on  .June  tlie  Ist,  I'.tll,  coiuiilaiiiing  of  shurtness  of  breatli.  pains  in  tin-  <l]est, 
eoiigli  and  palpitation. 

Family  history.  Her  father  died  of  phthisis  and  lier  mother  of  lironeliitis.  Two  brothers 
and  tlu'ee  sisters  are  alive  and  well. 

Previous  illnesses.  She  had  diphtheria  wlien  a  eliilil.  At  intervals  during  tlie  last  14  years 
she  has  had  severe  attaeks  of  influenza.  For  the  last  8  years  she  has  suffered  from  rlieumatism 
and  bronchitis  during  tlie  winter  months. 

History  of  present  illness.  Ten  weeks  ago  she  began  to  suffer  from  shortness  of  l.ireath  and 
cough,  worse  at  niglit,  with  absence  of  expectoration. 

Condition  on  admission.  The  jiatient  sits  jirojiped  up  in  bed.  Both  cheeks  are  flushed 
and  her  expression  is  anxious.  Respiration  is  rajjid  (30-40  per  minute).  The  apex  beat  is  in  the 
fifth  left  inters|)ace  in  the  nijiple  line.  The  dee])  cardiac  dulness  extends  from  mid-sternum  to 
I  inch  outside  the  left  nip]ile  line.  The  heart  is  very  rapid  in  rate  (180  per  minute)  and  very 
irregular  in  action.  Rough  iliastolic  and  an  indistinct  soft  systolic  bruits  are  present  at  the  apex. 
The  radial  arteries  at  the  wrist  are  thic'kened.  There  is  ledeinii  of  the  bases  of  both  lungs.  There 
is  slight  clubliing  of  tlie  finger  tips.  The  liver  is  not  enlarged.  There  is  no  swelling  of  the  feet. 
The  urine  contains  scanty  |ius  cells  and  granular  casts  but  no  alliunien.  Gross  irregularity  of  the 
heart's  action  and  the  ventricular  form  of  venous  pulse  are  ]iresent,  as  shown  by  ]iolygrapluc 
records. 

Treatment  and  pro<iress.  'The  patient  remained  at  rest  in  betl  for  fctin*  tlays  ;  her  condititai 
remained  unaltered.  On  Jvme  the  Oth,  1/250  grain  of  strophanthin  was  given  at  11  a.m.  and 
this  dose  was  repeated  at  2.20  p.m.  Two  injections  of  1/250  grain  each  were  given  on  June  the 
10th  at  10.40  a.m.  and  at  .'.40  p.m.  :   a  final  dose  of  1/250  grain  was  given  at  12.15  p.m.  on  June 
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the  lull.  During  a  period  of  81  hour.s  the  veutriuular  rate  fell  from  168  to  48  per  minute,  a  fall 
of  120  beats  per  minute.  An  improvement  in  her  condition  became  evident  after  the  second 
injection  on  .June  the  9th,  and  this  change  became  more  and  more  conspicuous  as  the  rate  of 
heart-beat  fell.  Her  appetite  returned,  her  colour  im])ro\"ed,  respiration  became  less  frequent,  the 
flow  of  urine  increased  and  she  slept  almost  continuously  for  more  than  24  hours  after  the  second 
injection  on  .June  the  9th.  The  ventricular  rate  remained  between  50  and  00  per  minute  for  three 
days  but  tlien  assumed  a  rate  of  70  to  90  and  continued  so  until  .June  the  23rd.  after  which  it 
began  to  increase.  On  June  the  13th,  the  patient  received  30  minims  of  tincture  of  digitalis, 
with  15  minims  of  tincture  of  stroplianthus.  On  June  the  15th,  a  slight  tendency  to  grouping 
of  beats  was  observed  and  a  long  rumbling  diastolic  bruit  was  present  at  the  apex.  All  signs 
of  cedema  of  the  lungs  had  disappeared.  On  June  the  24th,  tincture  of  digitalis  in  5  minim  doses 
given  three  times  daily  was  prescribed  but  was  discontinued  on  June  the  28th,  55  minims  having 
been  taken  without  producing  any  slowing  of  the  heart-rate.  On  July  the  2nd  (heart-rate  135 
])er  minute)  tincture  of  digitalis  in  10  minim  doses  given  three  times  daily  was  ordered,  but 
was  discontinued  on  July  the  4th,  a  total  of  li  drachms  having  been  taken.  On  July  the  0th, 
1/50  grain  of  atropine  sidphate  was  injected  suboutaneously  and  the  eflect  on  the  heart-rate  is 
shown  in  Table  II.  There  was  slight  redeina  of  tlie  base  of  the  right  lung  on  .July  the  7th.  At 
no  time  was  there  any  alteration  in  the  extent  of  cardiac  dulness.  Fibrillation  of  the  auricle 
persisted  throughout  the  whole  period  of  observation.  The  [latient  was  discharged  on  July  the 
13th  much  improved. 

TABLE    I.      {CASE  1.) 


Hour  .\t 

Heart 

WHICH 

RATE 

♦Urine 

Size 

TRACING 

per 

(IN 

(IN 

D.\TE 

T-VKEN 

MIN. 

Drug 

ozs.) 

inches). 

June 

5th 

3.30  p. 

.m. 

180 

37 

1-inch  out- 
side left 
nipple  line 

6th 

3.30  p. 

.m. 

150 

22 

7th 

2.50  p. 

.m. 

lOU 

42 

8th 

11.25  a. 

in. 

158 

44 

9th 

9.45  a. 
11        a. 

11.40  a, 
2.5    p 
2.20  p 

3.5    p 

5.55  [) 

11.15p 

m. 
m. 

,m. 

.m. 
.m. 

.m. 
.m. 
.m. 

168 

1.59 
158 

141 

114 

99 

Strophanthin 
1/250  grain 

Strophanthin 
1/250  grain 

44 

10th 

10.20  a 

10.40  a 

11.15a 
2.25  p 
5.20  p 
5.40  p 

0.35, 
9.30  1 

.m. 

.m. 

.m. 
.m. 

i.ni. 
i.m. 

'.ni. 

l.Hl. 

118 

114 

93 

114 

141 
105 

Strophanthin 
1/250  grain 

Strophanthin 
1/250  grain 

34 

nth 

11         a 
12.15  1 

12.55] 
3.50  1 

7.10] 
10.15  1 

,.m. 
i.m. 

i.m. 
).ni. 
I.m. 
).m. 

103 

91 

84 
78 
91 

Strojihanthin 
1/250  grain 

57 

1 2th 

9.35  (■ 
1.30  1 

«        1 
ll.lOi 

L.m. 
).m. 
I.m. 
l.m. 

70 
5.S 

4S 
48 

50 

Rem.arks. 

Dyspnoea,  palpitation,  anor- 
exia. No  swelling  of  feet. 
Sleeplessne.ss.  Oedema  of 
bases  of  both  lungs. 


Sleeping. 

Slept  all  night.    Feeling  very 
much  better. 


Slept  a  great  ileal  tluring  the 

day. 
Slept  all  night. 


Appetite  improving. 


Feels   very   well. 


*  Total  amount  excreted  during  24  lium-h. 
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Hour  at 

HE.iRT 

WHICH 

R-ATE 

I' 

RINE 

Size 

TR.-ICING 

PER 

(IN 

(IN 

D.\TE 

TAKEN. 

MIN. 

Drug.              ozs.) 

INCHES) 

Remarks. 

June 

9.35  a.m. 

55 

Tinct.  <>t  Digit. 

45 

13tli 

2.15  p.m. 

S        p.m. 
1 1.15  p.m. 

51 

57 
48 

m.  XXX* 
Tinct.  of  Stroph. 
m.   XV 

14th 

9.35  a.m. 
1.40  p.m. 
9.45  p.m. 

53 

00 
01 

48 

lotli 

9.40  a.m. 
9.20  p.m. 

75 
70 

52 

k  incii  out- 
side left 
nipi)le  line. 

Lungs    clear ;     tendency     to 
grouping   of    beats. 

10th 

9.30  a.m. 
9.35  p.m. 

70 

78 

38 

Feeling   very  well. 

17th 

9.35  a.m. 
9.40  p.m. 

89 
70 

48 

18th 

10.45  a.m. 
9.30  p.m. 

84 

72 

46 

19th 

9.35  a.m. 
10       p.m. 

79 

77 

54 

20th 

9.30  a.m. 
9.25  p.m. 

85 

85 

30 

2 1  St 

9.30  a.m. 

85 

22nd 

10.30  p.m. 

81 

58 

23rd 

10.15  i).m. 

73 

30 

24tli 

10.10  a.m. 
9.30  p.m. 

90 
83 

Tinct.  of  Digit, 
m.   XV 

40 

25tli 

11.50  a.m. 
9.50  p.m. 

92 

70 

Digit,  accidentally 
omitted 

54 

2(Jth 

9.45  a.m. 
9.50  p.m. 

114 

91 

Tinct.  of  Digit, 
m.   XV 

42 

27th 

10.5    a.m. 
9.45  p.m. 

103 
93 

Tinct.  of  Digit, 
m.  XV 

47 

28th 

9.35  a.m. 

103 

Tinct.  of  Digit, 
ra.  X 

51 

( 

Total  taken  =  m.  LV) 

9.35  p.m. 

100 

29th 

9.35  a.m. 
9.30  p.m. 

102 
84 

42 

i  inch  out- 
side left 
nipiile  line. 

30th 

9.25  a.m. 

101 

54 

July 

1st 

9.30  a.m. 

9.45  ii.m. 

111 

95 

40 

■2nd 

9.20  a.m. 
9.50  p.m. 

135 

88 

Tinct.  of  Digit, 
idi-- 

47 

Depressed.     Weeping. 

3rd 

9.40  a.m. 
8.40  p.m. 

104 
90 

Tinct.  of  Digit. 
|dr. 

50 

4th 

9.30  a.m. 
9.45  p.m. 

SO 
93 

Tinct.  of  Digit. 
Uir. 
(Total,  U  dr.) 

55 

.5th 

9.35  a.m. 
9.10i).ni. 

7.5 
79 

5S 

*  The  total  dosage  for  the  day. 
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Hour  at 

Heart 

WHICH 

RATE 

Urine 

Si 

I7E 

TRACING 

PER 

(IN 

( 

in 

Date 

TAKEN. 

MIN. 

Drug. 

ozs.) 

inches). 

Re.marks. 

July 

6th 

9.30  a.m. 
9. 1.")  ji.m. 

SO 
99 

1 '50  fzr.  atrop. 
suljihate 

41 

Tth 

9.30  a.m. 
9.       I'.m. 

NT 
102 

58 

8tli 

9.30  a.m. 
9.30  p.m. 

104 
IKi 

52 

9tli 

10    a.m. 
12.35  p.m. 
10       ii.m. 

90 

90* 

79 

44 

Up 

2 

hours. 

lOtli 

9.40  a.m. 
9.50  J). m. 

83 
80 

37 

Up 

o 

lioiirs. 

lltll 

9.30  a.m. 
9.35  p.m. 

85 
lUi 

51 

Up 

o 

hours. 

I  2th 

9.30  a.m. 
9.30  i>.m. 

83 
77 

47 

t'p 

•^ 

hours. 

13th 

9.30  a.m. 
9.35  p.m. 

93 
94 

Tinct.  of  Digit, 
m.  XX. 

47 

1  im 
.'iidc 
nipp 

■h  out- 
left 
le  line. 

Up 

O 

hours. 

15th. 


Rate  15  minute.s  after  returnin"  to  bed. 


Discharged. 

Feels  well. 


Date. 
July  Gth 


TABLE  II.    (CASE  1.) 

Results  of  injection  of  1,'50  grain  of  Atropine  Sulfihate. 
Hour  at  which 

TRACING  T.4KEN.  HeaRT-R.ATE  PER  MINUTE.  ReM.\RKS. 


1.37  p.m. 
1.5S  p.m. 
2.0    p.m. 

2.4  p.m. 
2.6  p.m. 
2.8    p.m. 

2.10  p.m. 

2. 1 1  p.m. 

2.12  p.m. 

2.14  p.m. 

2.15  p.m. 
2.20  p.m. 

2.23  ]..m. 

2.24  p.m. 
2.26  p.m. 

2.29  p.m. 
2.35  p.m. 
2.4(1 11. m. 
2.45  p.m. 
2.50  p.m. 
2.55  p.m. 
3.0    p.m. 

3.5  p.m. 
3.10  p.m. 
.3. 15  p.m. 
3.20  p.m. 

3.25  ]).m. 

3.30  p.m. 
3.35  ]i.m. 
3.40  \\m. 
3.45  p.m. 
3.50  p.m. 
3.55  p.m. 


Atropine  Sulphate,  1  '50  gr. 


96 

93 
90 
98 
107 
127 
131 
140 
142 
156 
149 
141 
142 
146 

l.-,o 

145 
145 
145 
150 
158 
153 
156 
148 
148 
138 
158 
155 
162 
138 
142 
138 
132 


Mouth  dry. 


Pujiils  sli; 
flushed. 


rhtly  dilated,  cheeks 


Mouth  not  30  dry. 
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CASE  2,  E.  L..  a  man,  aged  -IS.  Auricular  /ibril/dtion  {non-rhcamatic)  and  Ifjt  pleural  cjjufiion. 
Conspicuous  s/oirinij  of  the  heart  rale  and  improvement  in  general  condition  loUowinrj  the  adminis- 
tration oj  strophanfhin. 

Aitriiitted  on  Si'|it(Mu!)tn'  Ilir  Ith,  11)11,  i-ninjibLining  of  pain  in  tliu  o[)igiLstriiini,  .sliurtness  of 
hriMlli  and  severe  |i!ili)itation. 

Fainilij  Itistorij.      No  history  (.»f  ixwy  eartliae  or  hnig  utToetion  in  the  taniilw 

Previous  illnesses.     No  [irevious  illnesses.     No  history  of  rheumatism. 

Histori/  of  present  illness.  In  Dceeniber,  1910,  he  began  to  suffer  from  shortness  of  l.rcath 
and  swelling  of  the  teet.  These  symptoms  became  gradually  worse  until  any  exertion  eaused 
severe  jialpitation,  and,  at  times,  giddiness.  Fluid  had  been  asynrated  from  the  left  pleiu'al 
cavity  on  several  occasions  during  the  seventeen  weeks  preceding  admission. 

Condition  on  admission.  The  patient  sits  propped  up  in  bed.  There  is  considerable 
dyspnoea,  which  becomes  extreme  if  he  attempts  to  lie  down.  His  comi>lexion  is  sallow,  but  his 
ehooUs,  lips  and  ears  are  deeply  cyanosed.  He  is  very  restless  and  sleepless  anil  his  appetite 
is  bad.  The  apex  beat  is  diffuse  and  there  is  considerable  pulsation  in  the  e|)igastrium.  On  the 
left  side  of  the  chest  there  is  an  area  of  absolute  dulness  extending  from  the  right  sternal  margin 
round  the  left  axilla  to  the  vertebral  column.  It  is  limited  superiorly  Ijy  the  lower  border  of  the 
third  left  rib  in  front,  by  the  inferior  angle  oi  tlie  left  scapula  behind,  and  infcriorl_\'  !.)y  the  costal 
margin.  Skoiliac  resonance  is  present  just  above  the  limit  of  dulness  posteriorly.  0\"er  the 
dull  area  there  is  absence  of  vocal  fremitus,  vocal  resonance  and  breath  sounds.  The  heart 
is  \'cry  rapid  in  rate  (140  per  minute)  and  grossly  irregular  in  action.  .At  the  aiiex  a  rough  to  and 
fro  rub,  synclironous  with  each  heart  beat,  is  heard,  but  no  bruit  is  present  either  here  or  at  any 
of  the  other  valvular  orifices.  The  [;)ulse  is  very  irregular  in  time  and  force  and  scarcely  palpable. 
The  liver  is  palpalile  four  fingerbreadths  below  the  right  costal  margin.  There  is  no  ascites  or 
cedema  of  the  feet.  The  urine  contains  a  trace  of  albumen.  There  arc  jjresent  gross  irregularity 
of  the  heart's  action  and  the  ventricular  form  of  venous  pulse  as  shown  by  polygraphic  tracings. 

Treatment  and  progress.  There  was  no  ini]irovement  in  the  jiaticnfs  condition  until  Septem- 
ber the  Gth  (two  days)  when  three  pints  of  fluid  were  syphoned  off  from  the  left  pileural  ca\'ity  and 
the  dyspna?a  decreased  somewhat  as  a  consequence,  though  his  condition  otherwise  remained 
unchanged.  On  September  the  8th  the  cyanosis  was  less  e\-ident.  There  was  consitierable 
pulsation  of  the  vessels  at  tlie  root  of  the  neck.  The  deep  cardiac  dulness  extended  J  inch  to  the 
right  and  5|  inches  to  the  left  of  mid  sternum.  There  was  dulness.  absence  of  breath  sounds 
and  \-ocal  resonance  over  the  base  of  the  left  hmg  and  a  loud  (ileiu'al  rub  was  heartl  in  the  third 
left  interspace  in  front.  The  urine  was  scanty.  On  September  the  Dth,  the  10th  and  the  11th, 
injection.s  of  strophanthin  were  given  (Table  III)  with  a  result  that  the  \entricular  rate  fell  from 
142  to  !)0  during  a  jjeriod  of  4.')  liours.  The  condition  of  the  patient  immediately  improved,  the 
cyanosis  became  less,  the  tlyspnoja  decreased,  the  ap])etite  returned  and  he  slejit  almost  con- 
tinuously for  24  hours  from  the  morning  of  September  the  10th.  Tincture  of  digitalis  in  15  minim 
doses  given  three  times  daily  was  proscribed  on  September  the  13tli,  but  was  discontinued  on 
Sc|)tember  the  22nd,  when  the  ventricular  rate  had  fallen  to  (i2  per  minute  and  a  total  of  6i 
di'achms  of  digitalis  had  been  taken. 

The  heart  rate  remained  at  the  same  level  until  Se|iteniber  the  2,Sth  when  an  acceleration 
in  rate  again  became  evident.  There  was  an  increased  flow  of  urine  between  the  loth  and  2.'5th 
of  September.  At  the  examination  on  September  the  15th,  the  cyanosis  was  considerably 
reduced  and  the  jiulsation  at  the  root  of  the  neck  had  become  very  much  le.ss.  The  liver  extended 
to  three  fingerbreadths  below  the  right  costal  margin  ami  there  was  some  tedema  of  the  base  of 
the  right  lung.  The  patient  slept  well  at  night,  ate  his  meals  heartily,  and  felt  quite  well.  On 
SeiJtember  the  22nd  the  liver  was  palpable  just  below  the  costal  margin.  The  heart  was  still 
irregular  in  action  and  no  bruit  was  present  at  the  apex.  The  contlition  of  the  base  of  the  loft 
lung  remained  unchanged.  At  no  time  was  there  any  alteration  in  the  extent  of  the  cardiac 
dulness  (other  than  could  be  attributed  to  jjcrcussion  error).  The  condition  of  auricidar 
fibrillation, as  shown  by  piolygraphhic  tracings,  [lersistod  throughout  the  whole  [leriod  of  observation. 


TABLE  lU,     {CASE  2.) 


Hour  at       Heart 


WHICH  KATE  UbIKE  SizE 

tracing  per  (in  (in 

Datk      take.m,  min.  Drug.  ozs.)        inches)  Remarks. 

Sept. 
4th        0.30  p.m,        134 
0th      12.15  p.m.        140  Three  (nnts  of  fluid  removed  from 

left  pleural  cavity. 
8th  135  20  i-5|        Breathing  easier.  Slept  badly  last 

night. 
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Hour  at 

Heart 

WHICH 

RATE 

TRACING 

PER 

Date 

TAKEN. 

.MIN. 

Drug 

Sept. 
9tli 

12.1(1  |M11. 

14N 

1.40  p.m. 

142 

2.20  p.m. 

Strnpliantliin 

2.55  p.m. 

144 

1/500  grain 

3        p.m. 

I3(i 

5.20  p.m. 

Strophantliin 

5.55  p.m. 

134 

1/500  grain 

8.5    p.m. 

I3(i 

S.20  p.m. 

Strophanthin 
1  250  grain 

It        p.m. 

132 

11.35  p.m. 

134 

10th 

9       a.m. 

130 

y.  20  a.m. 

Stroplianthin 

9.50  a.m. 

118 

1/250  grain 

12      noon. 

104 

12.20  p.m. 

Strophanthin 

12.50  11.  m. 

106 

1/500  grain 

3.40  i).m. 

112 

5        p.m. 

110 

5.20  p.m. 

Stropliantliiu 
1/250  grain 

Ij.  10  p.m. 

114 

8.35  p.m. 

110 

11th 

9.10  a.m. 

lOU 

10       a.m. 

Stroplianthin 
1/250  grain 

10.40  a.m. 

9U 

12     noon. 

81  > 

2       ii.m. 

88 

5        p.m. 

9(1 

12th 

9        a.m. 

10(i 

2.50  p.m. 

108 

8.20  p.m. 

104 

13th 

9.25  a.m. 

110 

8.55  p.m. 

100 

14th 

9.45  a.m. 

OS 

15th 

10.50  a.m. 

88 

8.35  p.m. 

84 

llith 

10.5    a.m. 

80 

8.50  |i.m. 

84 

ITtli 

8.50  a.m. 

84 

ISth 

9.55  a.m. 

82 

8.35  i).m. 

78 

I'Jtli 

9.45  a.m. 

SO 

9.5    p.m. 

78 

20th 

9.55  a.m. 

72 

8.45  p.m. 

74 

21st 

9.40  a.m. 

74 

6.40  p.m. 

70 

22nd 

9.45  a.m. 

64 

8.25  p.m. 

02 

Urine  Size 

(in  (in 

ozs.)  inches  |. 

42 


Tr.  Digit,  m.  15 
Tr.  Digit,  ni.  45 

Tr.  Digit,  ni.  45 

Tr.  Digit,  m.  45 
Tr.  Digit,  m.  45 

Tr.  Digit,  in.  45 


Tr.  Digit,  m.  45 

Tr.  Digit,  ra.  45 

Tr.  Digit,  m.  45 

Tr.  Digit,  m.  1 5 
(TotafOSdrs.). 


50 


50 


48 


38 

42 
42 


02 
58 

08 

GO 
70 
04 


i-^i 


i-4A 


Re.marks. 

\'iTV     restless.         Considerable 
dyspnuea. 


Went   to  slee])  after  injeution. 
Savs    that    he    "  feels   easier." 


Went  to  sleep  after  injection. 


Went  to  sleep  after  injection. 

Appearance  improved.     Slept  all 
night.  Breathing lessdistressed. 


Constantly  sleejiing  during  the 
da_\-  time. 

Slight    rise    of    temperature    iu 
evening  (99-4°  F.). 


Sudden  pain  in  right  knee  at  1 1 
p.m.  Says  it  "  feels  mimb," 
nothing  abnormal  on  examina- 
tion. 

SlejJt  well.     Foot  easier. 
Feels  well. 

Slept  well. 

Foot  improv  in:.'.    Slept  well. 


J-4J         Sle|it    well. 


i-5         Steadily  improving.   Slight  pulsa- 
tion in  neck. 

J-4i        Feels  well. 

Very  well.    Sleeps  and  eats  well- 
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Date, 
Sept. 
2:ird 


24th 
2r>tli 

2ilth 

27tli 
2.stli 
2!itli 
:!l)tli 

(l.'t. 

1st 

2nd 
3rd 
4th 
.ith 

6th 

7th 

8th 
Stth 

10th 
nth 

12th 


Hour  at 

WHICH 
TRACING 
TAKEN. 

9.45  a.m. 
8.25  p.m. 
11.10  a.m. 
!l.  15  p.m. 
9.40  a.m. 
7.40  p.m. 
8..'i0  ]i.m. 
1)..'J.">  a.m. 

8.40  )).m. 
!l.40  a.m. 
8.4.5  ]>.ni. 
11.40  a.m. 
()..'50  p.m. 
!t.40a.m. 
S. 45  p.m. 
11.35  a.m. 
8.10  p.m. 

12.40  p.m. 

0        p.m. 

9.45  a.m. 

7.20  p.m. 

9.35  a.m. 

8.25  p.m. 

9.35  a.m. 

ti.40  p.m. 

9.35  a.m. 

8.20  p.m. 

9.35  a.m. 

9.20  a.m. 

8.35  p.m. 

9  p.m. 
10.15  a.m. 

9        p.m. 

8.35  p.m. 
10.35  a.m. 

8.10p.m. 

9.45  a.m. 


Heart 

RATE 
PER 

MIN. 

70 
lid 

7(1 
7(1 


70 


Druo. 


70 
7li 
84 
(i(i 
82 
92 
84 

78 
8(1 
82 
IMJ 
90 
s7 

S8 

94 

8(1 

94 

90 

S8 

1(1(1 

90 

102 

9(i 

1(1(1 

114 

11(1 

10(i 


Urine 

(IN 

ozs. ) 


48 

44 

42 
46 
42 
42 

42 
50 
44 
54 

5(1 

5(1 
54 

52 
52 

54 
44 

40 


Size 

(IN 

inches), 
0-4J 


Remarks 


n-4j 

J-41 

i-5 

1-5 
2-4S 

l-H 


Up  2  hniirs. 


Up  2  hours.      Cnndition  remains 
the  samp. 

Up   2  hours. 

Feels  well. 
Up  2  hours. 
Up  2  hours. 

Uj)  2  hours. 

Walking  in  grounds  in  afternoon. 

Up  2  hours. 

Up  all  day. 

Feels  perfectly  well. 


~5^  Feels  very  well.  Up  all  day. 
Walking  round  grounds,  climb- 
ing stairs,  t^e.,  but  not  able  to 
tin  hard  work  _\'et.    Discharged - 

CASE  3,  J.  D.,  a  man,  nijed  21.  Auricular  lihrillatioii.  Mitral  stenoais  and  incompetence. 
Fibroid  disease  of  the  apex  of  the  right  lung.  Great  improvement  in  general  condition  and 
reduction  of  the  heart  rate  following  the  adininistration  of  strophanthin,  on  several  different 
occasions. 

Admitted  on  September  the  5th,  1911,  complaining  of  rough,  pain  in  the  left  side  of  the 
chest,  shortness  of  breath  and  a  feeling  of  lassitude. 

Family  history.  His  fatlicr  died  of  asthma  and  bronchitis.  His  mother,  his  five  brothers  and 
one  sister  are  all  well. 

Previous  illnesses.  The  patient  had  enjoyed  good  health  until  1907,  when  he  had  an  attack 
of  rlieumatic  fever  for  which  he  received  treatment  in  hosjjital  for  three  months.  At  that  time  it 
was  noted  that  the  cardiac  dulness  extended  1  inch  to  the  right  of  the  sternum,  the  pulse  was 
irregular  and  systolic  and  short  presystolic  bruits  were  present  at  the  apex.  In  April,  1911,  ho 
suddenly  began  to  suffer  from  shortness  of  breath,  whicli  became  \ery  much  worse  within  two 
days.  He  was  conscious  of  rapid  and  \igorous  palpitation  and  he  states  that  this  was  quite 
jjerceptible  through  his  clothes.  After  these  symptoms  had  been  jjreseiit  for  seven  tiays  he  was 
readmitted  to  hospital.  The  following  condition  was  noted.  Apex  beat  in  the  sixth  left  inter- 
space. The  cardiac  dulness  extended  3  inches  to  the  right  of  mid-.sternmn  at  the  level  of  the 
fourth  space.  Presystolic  and  systolic  bruits  were  present  at  the  apex  and  a  systolic  murmur 
was  heard  at  the  aortic  base.     There  was  impairment  of  the  percu.ssion  note  at  the  right  apex  and 
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vocal  rpsonanre  was  inereased.  Tul)prclo  liarilli  wrre  not  fonnd  in  tlio  s]iutuni  tliougli  it  was 
examined  on  five  different  occasions.  One  niilliu'rannne  of  Old  Tnliercniin  produced  a  violent  re- 
actioit  which  lasted  for  tliree  days.  From  .)nne  the  Kith  to  .JiUy  the  Kith  the  patient  was  treated 
with  increasing  doses  of  tuberculin  (bacillary  emulsion)  commencing  with  a  dose  of  I/IOOO 
milligramme,  and  when  a  dose  of  4/100  milligramme  had  been  reached  a  reaction  occurred. 
On  May  .'50th  tincture  of  digitalis  was  prescribed  and  the  dose  was  gradually  increased.  On 
July  the  27th  the  patient  was  taking  .'iO  minims  three  tunes  a  day  ;  on  August  the  7th  this  was 
reduced  to  2.5  minims  :  on  August  the  23rd  it  was  increased  to  37  minims,  and  on  A\igust  the  30th 
it  was  decreased  to  20  minims  three  times  dail\-.     The  heart  and  ]3ulse  rates  were  as  follows  : — 

May  r)th  Mav  30th  .fune   10th  June   20th  July   1st 

Apex        ..  130  130  140  140  120 

Radial      ..  84  100  100  100  90 

Julv  10th  Julv  30th  August  10th        Sept.   1st. 

Apex        .  .  120  100  no  100 

Radial      .  .  90  90  84  84 

I  am  indebted  to  St.  Bartholomew's  Hospital  for  the  above  notes. 

Condition  on  admission.  His  complexion  is  sallow,  there  is  slight  cyanosis  of  the  lips  and 
cheeks  ;  the  vessels  at  the  root  of  the  neck  pulsate  vigorously.  The  apex  beat  is  in  the  sixth 
left  intersjiace,  i  an  inch  outside  the  ni|iple  line.  There  is  considerable  pulsation  of  the  left  side 
of  the  chest  with  each  heart  beat.  The  deep  cardiac  dulness  extends  '>i  inches  to  the  left  of  the 
middle  line.  A  rough  diastolic  bruit  is  [iresent  at  the  apex  and  a  loud  blowing  systolic  murmur, 
conducted  round  the  axilla,  is  heard  o\-er  the  whole  of  the  pra-cordial  area.  Both  first  and  second 
.sounds  are  very  loud  over  the  pulmonary  area.  The  heart  is  rapid  in  rate  and  irregular  in  action. 
There  are  jiresent  impairment  of  resonance,  [irolongation  of  ex])iration,  moist  crackling  rales, 
occasional  rhonclii,  whispering  pectoriloquy  over  the  apex  of  the  right  lung  and  cedema  of  the 
base  of  the  left  lung.  The  liver  is  not  enlarged  and  tliere  is  no  cedema  of  the  feet.  The  urine 
contains  a  trace  of  albumen  and  scanty  granular  casts.  Polygraphic  records  show  complete 
irregularity  of  the  heart's  action  and  the  ventricular  form  of  venous  pulse. 

Treatment  and  proqress.  There  was  no  alteration  in  the  patient's  condition  after  ten  days 
rest  in  bed.  Tlie  patient  received  15  minims  of  tincture  of  digitalis  on  September  the  14th  and 
again  on  the  15th.  A  rough  thrill,  diastolic  in  time,  was  palpable  at  the  apex  on  this  latter  date. 
On  September  the  I8th  l/oOO  grain  of  strojihanthin  was  given  at  10.30  a.m.  and  1/250  grain  at 
1.40  p.m.  in  consequence  of  whicli  the  heart  rate  fell  from  130  to  93  per  min\ite  during  a  |)eriod  of 
four  hours.  At  tlie  same  time  the  pulsation  at  the  root  of  tlie  neck  became  less  and  the  patient's 
condition  improved.  On  September  the  20th  he  statcil  that  he  had  not  felt  so  well  since  the 
oonunencemcnt  of  his  illness.  The  ventricular  rate  rose  to  114  per  minute  by  September  the  23rd, 
when  a  single  injection  of  1  '250  grain  produced  a  fall  in  rate  from  1 14  to  84  per  minute  in  5i  hours. 
There  was  slight  aniema  of  the  base  of  the  right  lung  on  Sepitember  the  29th.  His  condition 
improved,  and,  though  the  [julse  gradually  accelerated,  he  remained  well  imtil  October  the  4th 
when  he  complained  of  feeling  ill  and  of  a  sore  throat,  but  nothing  definite  was  made  out  on 
examination.  He  was  pale,  restless,  and  vomiting;  there  was  considerable  dysjincea  and  the 
ventricular  rate  was  rapid  (174  per  minute).  On  the  evening  of  October  the  .")th  lie  became 
very  much  worse  (ventricular  rate  184  per  minute).  Two  injections  of  strophanthin  of  1/250 
grain  each  weie  given  at  (1.50  p.m.  and  8.50  p.m.  respectively,  with  a  result  that  the  heart  rate 
fell  to  91)  per  minute  by  9.30  a.m.  on  the  (ith  of  October.  Fig.  3  illustrates  this  fall  of  rate. 
There  was  pain  at  the  s'ite  of  both  injections  which  lasted  from  one  to  two  hours,  after  which  he 
fell  asleep  and  sle])t  all  night.  On  October  the  (itli  a  further  injection  of  1/250  grain  was  given  at 
10.15  a.m.  and  the  heart  rate  fell  to  7(j  ])er  minute  in  4^  hours.  The  bruit  which  had  ]ire\iously 
filled  diastole  now  became  early  diastolic.  The  urine  increased  in  amount  during  the  next  few- 
days.  From  Octolier  the  ()th  to  the  2,5th  he  remained  in  good  health,  but  the  heart  rate  gradually 
rose  and  it  was  1 18  jier  minute  on  the  latter  date.  On  October  the  25th  four  injections  of  1  '500 
grain  each  were  given  at  intervals  of  one  hour  but  their  effect  was  slight.  His  condition  remained 
unchanged,  though  the  heart  steadily  increased  in  rate,  until  Xovember  the  10th  when  palpitation 
and  dyspncea  again  showed  themselves.  His  comjilexion  was  sallow  :  there  was  considerable  jnilsa- 
tion  in  the  neck  and  epigastrium,  with  heaving  of  the  left  side  of  the  chest  at  each  heart  beat ; 
the  liver  was  ])alpablc  two  fingerbreadths  below  the  right  costal  margin  and  there  was  vomiting 
associated  with  jjain  and  tenderness  in  the  epigastrium.  Tincture  of  digitalis  in  15  minim  doses 
given  four  times  daily  was  commenced  on  November  the  1 1th  but  was  discontinued  after  the  10th 
owing  to  gastric  disturbances.  The  heart  rate  during  this  time  had  fallen  from  154  to  80  per 
minute  and  a  total  of  (i  drachms  of  digitalis  had  been  taken.  The  effect  of  the  digitalis  on  the 
ventricular  rate  was  noticeable  on  the  first  dav  of  administration  and  an  increase  in  tiie  flow  of 
urine  took  jilace.  After  November  the  17th  the  ventricular  rate  gradually  increased  mitil  on 
December  tlie  8tli  ])alpitation,  vomiting,  dyspno-a  and  jiulsation  in  the  neck  returned.  Tincture 
of  digitalis  in  15  minim  doses  given  four  times  daily  was  prescribed  with  jironipt  amelioration 
of  the  symptoms.  ,\t  no  time  was  any  alteration  in  the  extent  of  cardiac  dulness  observed. 
The  condition  of  auricular  fibrillation,  "as  shown  by  polygraphic  tracings,  iiersisted  throughout 
the  jieriod  of  obser\ation.  The  patient  was  discharged  on  December  the  30th  greatly  impro\ed. 
Fig.  8  illustrates  in  this  case  tlie  gradual  increase  of  rate  and  the  abrupt  fall  which  occurred 
on  the  administration  of  strophanthin. 
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Date 

Sopt. 
Stli 
lltli 
12th 
l.'itli 

14th 


ir>tli 

ir.th 

17th 
18th 


inth 


2(ltli 


Hour  at 

WHICH 

TRACING 

TAKEN. 


12.15  p.m. 

S.2.")  p.m. 
12.1.5  p.m. 

ii        p.m. 

n.  40  a.m. 


11.1.5  a.m. 

8.40  p.m. 
10.15  a.m. 

S.55  p.m. 

8.55  a.m. 

0.55  a.m. 

10.30  a.m. 

1 1  a.m. 
11.30  a.m. 

12  noon 
12.30  p.m. 

1  p.m. 
1.40  p.m. 
2.5  p.ni. 
2.30  p.m. 
3  ]i.m. 
3.30  p.m. 
4.30  p.m. 
0.30  p.m. 
8.30  p.m. 
il.30a.m. 


Mst 


>3rd 


24tli 
25th 
20th 
27th 
2Stli 
29th 
30th 


9 
1(1 


p.m. 
a.m. 


8.45  p.m. 
9.30  a.m. 
0.40  p.m. 
22n(l       9.40  a.m. 


s. 

!l. 

9. 
lU. 
11. 
12, 

I. 

2. 

3! 

8, 
11 
9, 
9. 
8. 
9, 
8. 
9. 
8, 
9, 
0. 
9, 
8, 
9 
8, 


30  p.m. 
5  a.m. 
,43  a.m. 
15  a.m. 
20  a.m. 
20  p.m. 
15  p.m. 
20  p.m. 
20  p.m. 
20  p.m. 
15  a.m. 
20  p.m. 
,45  a.m. 
,35  ]).m. 
40  a.m. 
40  p.m. 
45  a.m. 
50  p.m. 
,45  a.m. 
,30  p.m. 
,45  a.m. 
,50  p.m. 
,30  a.m. 

.15  JMll. 


TABLE  TV, 
Heart 

R-ATE 
PER 

.\ii.\.  Drug. 


HO 
US 
110 
100 
94 
108 


134 

98 
114 

90 
120 
130 


120 
112 
100 

JOS 

104 

108 
93 
90 
94 
92 
94 
98 

106 

102 
100 

92 
100 
104 
104 

90 
114 

102 

100 

90 

90 

92 

84 

SS 

92 

90 

94 

84 

120 

7ii 

94 

78 

102 

104 

12(1 

90 

104 

102 


Tr.  Digit. 


Tr.  Diait.  m.  1." 


Stroiih.  I  500  r-r. 


Stroph.  i;250gr. 


Stropl).  1/250  t:r. 


(CASE  C. 

Urine 
(in 
ozs.) 

28 
43 
44 
43 


38 


Remarks. 


Slight    cyanosis    of    lips    and     cheeks. 
Sleeps  and  eats  well.     Breathing  not 
distressed. 
38       Slight    [julsation    in    vessels    of   nock. 

40       Slept  well.  Pulsation  in  neck  well  marked. 


">()       Cough  troublesome.      Conspicuous   pul- 
sation in  neek.   Not  feeling  well. 


0('>       Feels  better.    Cough  less.     Pulsation  at 
root  of  neck  less  conspicuous. 

00        Improved.     Says  he  "  feels  better  tlian 
he   has  felt   for  five  months." 


Feels    well.        Pulsation    in    neck    still 
present. 

00 

Pulsation  diminished  after  injection. 


48 

40 

44 

52 

48       Feeling  well.     Looks  well. 

40 

42 
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Hour  at 

Heart 

WHICH 

B.ATE 

Urine 

TRACING 

PER 

(IN 

Date 

TAKEN. 

MiN.          Drug. 

ozs.) 

Oct. 

1st 

12.45  ii.ni. 

114 

46 

9       p.m. 

100 

2nd 

9.50  a.m. 

126 

50 

7.15  p.m. 

94 

3ra 

9.40  a.m. 

144 

48 

8.30  p.m. 

104 

4th 

9.30  a.m. 

174 

50 

0.35  p.m. 

118 

5th 

9.30  a.m. 

117 

62 

6.15p.m. 

184 

(i.50  p.m. 

Stroph.  1/250  gr. 

7        p.m. 

1  liO 

7.1.')  p.m. 

174 

7.30  p.m. 

174 

7.45  p.m. 

162 

8        p.m. 

150 

8.15  i).m. 

162 

8.30  p.m. 

1.58 

8.45  p.m. 

142 

8.50  i>.m. 

Stroph.  1/250  gr. 

9        p.m. 

132 

9.15  11. m. 

136 

9.30  p.m. 

132 

9.45  p.m. 

132 

10       p.m. 

138 

10.15  p.m. 

156 

10.3Up.in. 

156 

10.45  p.m. 

148 

11        jxm. 

126 

1 1.15  p.m. 

122 

11.30  p.m. 

138 

11.45  p.m. 

140 

fith 

9.30  a.m. 

9G 

38 

10.15  a.m. 

Stroph.  1/250  gr. 

10.30  a.m. 

94 

10.45  a.m. 

92 

11        a.m. 

88 

11.15  a.m. 

86 

11.30  a.m. 

84 

1 1.45  a.m. 

84 

12    noon. 

86 

12.15p.m. 

84 

12.40  p.m. 

80 

1.10  p.m. 

90 

■ 

1.40  p.m. 

80 

2.30  p.m. 

78 

3        ji.m. 

76 

3.30  p.m. 

86 

4        p.m. 

84 

4.30  p.m. 

86 

5.5    p.m. 

86 

5.30  p.m. 

90 

6       p.m. 

76 

7th 

9.15  a.m. 

84 

40 

8.40  p.m. 

74 

8th 

9.10  p.m. 

70 

34 

9tli 

10.5    a.m. 

74 

50 

9.5    p.m. 

70 

10th 

8.35  p.m. 

70 

62 

11th 

10.30a.m. 

90 

60 

8.15  p.m. 

76 

Remarks. 


50       Feels  ill.      Pale.      Restless.      Djspnoea. 
Vomiting.     Complains  of  sore  throat. 


Looks  very  ill.    Dyspnoea  has  increased. 
Very  restless  and  sleepless. 


Pain  at  site  of  injection. 


Pain  at  site  of  injection. 


Sleeping. 
38       Greatly  improved. 
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Drug  ozs.)  Rumauks. 


Feels  wel 


Hour  at 

Heart 

WHICH 

RATE 

TRACING 

PER 

Date 

TAKEN. 

MIN. 

Get. 

l:.>tli 

'.I.."in  ^i.ni. 

100 

'^.■lr^  p.m. 

,s,s 

i:itli 

11         a.m. 

OS 

'.I.i!.'>  p.m. 

so 

Uth 

IL'.KI  p.m. 

ss 

■S.  l.'>  p. Til. 

S4 

l.'lth 

12  noon 

04 

'.>..">    p.m. 

S(i 

Kitli 

s. .■).")  p.m. 

so 

ITtli 

lll..">    a.m. 

110 

S.l.-i  p.m. 

ss 

l.sih 

11         a.m. 

112 

nitli 

10. 10  a.m. 

12C. 

S.2(l  p.m. 

104 

L'dtll 

1(1        a.m. 

132 

.S            ,,.„L. 

124 

->lst 

1(1.10  a.m. 

110 

S.:il.l  p.m. 

114 

■l-lnd 

1..5    p.m. 

104 

0.2(1  p.m. 

130 

2:w>\ 

!i.:!(i  a.m. 

122 

S.  ].")  p.m. 

1 5.S 

L'4tll 

10        a.m. 

13(i 

S.3()  p.m. 

12S 

JJth 

0.1.5  a.m. 

lis 

0.30  a.m. 

112 

0.45  a.m. 

122 

0.52  a.m. 

10        a.m. 

120 

10.15  a.m. 

110 

10.3(1  a.m. 

104 

10.45  a.m. 

118 

11        a.Tu. 

11        a.m. 

122 

11.15  a.m. 

122 

11.30  a.m. 

13S 

1 1.45  a.m. 

140. 

11.52  a.m. 

1 2      noon 

120 

12.15  p.m. 

124 

12.30  p.m. 

122 

12.45  p.m. 

140 

12.55  p.m. 

1        p.m. 

12S 

1.15  p.m. 

120 

1.30  p.m. 

118 

1.50  p.m. 

1  10 

2        p.,,,. 

112 

2.15  p.m. 

lU 

2.30  p.m. 

118 

3        p.m. 

122 

4.45  p.m. 

108 

5        p.m. 

112 

(i.l5  p.m. 

104 

(i..50  ii.m. 

102 

7. 15  p.m. 

100 

L'OtIi 

10        a.m. 

100 

1.45  p.m. 

110 

S.35  p.m. 

88 

Jrine 

(IN- 

oz.s. ) 

54 

44 

5(; 

•  1* 

Iicmrs 

42 

)    '' 

liours, 

,    .> 

hours, 

34 

•  - 

hours. 

30 

Yy 

1  2 

hours. 

34 

L' 1 1 

1    >.") 

liours. 

Stroiih.  1/500  gr. 


Stroph.    1/500  ur. 


Stroph.  1/500  gr. 


Stro|ili.  1/500  gr. 


22        i><">ine   pulsation  in  neek. 

Up   3  liours. 
20       Up  3  hours. 

20  Marked  jxilsation  in  neck  and  in  left  side 
of  chest.  Orthopncea  and  vomiting. 
Restless.     Bed. 


40 


Feels  ill.     Sanio  sym|itonis 
as  on   22nd. 


after  injection. 


Pain  after  injection. 

Hypera'sthesia  and  redness  down  outer 
edge  of  right  forearm. 


Pain  after  injection. 
Redness  and  hyperiesthesia   along  inner 
sii.le  of  left  forearm. 


32       Feeling  better. 

.Vpiiearance  mqirovcd. 
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HotIB  .\T 

Heaut 

WHICH 

RATE 

TRACING 

PER 

Date 

TAKEN. 

MIN. 

Oct. 

-'7th 

10.35  a.m. 

90 

t)        p.m. 

94 

28th 

1(1.10  a.m. 

lot; 

().45  [Lui. 

94 

29th 

0.35  p.m. 

9li 

30th 

10. 10  a.m. 

112 

6       p.m. 

104 

8        p.m. 

98 

31st 

10       a.m. 

108 

8.10  i).m. 

98 

Nov. 

1st 

10.5    a.m. 

102 

8.50  p.m. 

90 

2nd 

10.15  a.m. 

92 

8.45  p.m. 

82 

3rd 

10.40  a.m. 

114 

8.25  11. m. 

94 

4tli 

0.35  a.m. 

120 

8.15  p.m. 

88 

5th 

2        p.m. 

118 

9.15  p.m. 

90 

6th 

10.5    a.m. 

124 

8       ji.m. 

98 

7th 

li.o    p.m. 

120 

8th 

10.5    a.m. 

130 

9.5    p.m. 

114 

9t!i 

10       a.m. 

1(58 

8.5    p.m. 

140 

10th 

10.10  a.m. 

144 

2        p.m. 

158 

(i       p.m. 

152 

nth 

10       a.m. 

154 

2.15  ixm. 

1.54 

(1       ji.m. 

128 

12th 

2        p.m. 

104 

9.15  p.m. 

9(1 

13th 

10       a.m. 

9(> 

2        p.m. 

94 

1)        p.m. 

82 

14th 

11.10  a.m. 

80 

8        p.m. 

70 

loth 

10        a.m. 

92 

(i        ]i.m. 

78 

Ibth 

10. 1(1  a.m. 

90 

8.30  p.m. 

80 

17th 

1(1        a.m. 

90 

8.30  p.m. 

08 

18th 

10.5    a.m. 

84 

2        ji.m. 

80 

8        p.m. 

82 

19th 

5.40  p.m. 

SO 

20th 

10        a.m. 

98 

8.15  p.m. 

100 

21st 

10        a.m. 

112 

S.40  p.m. 

100 

22nd 

10.. 5    a.m. 

130 

5.50  ii.m. 

110 

23rd 

10        a.m. 

104 

8.15  p.m. 

108 

24th 

10       a.m. 

92 

8.30  p.m. 

9(1 

25th 

10.15  a.m. 

92 

8        p.m. 

92 

UUINE 

(IN 

Drug  ozs.)  Ke.aiarks 

40       Feels  well. 
38 

34 

30       Up  2  hours. 

2(3        Up  2  liours. 


Tr.  Digit.  1  dr. 

Tr.  Digit.  1  dr. 

Tr.  Digit.  1  dr. 

Tr.  Digit.  1  dr. 
(Total  =  0  drs. ) 


oo 

Up 

.> 

hours. 

34 

Up 

2 

hours. 

34 

Up 

o 

hours. 

38 

Up 

o 

hours. 

28 

Up 

4 

hours. 

32 

Up 

4 

hours. 

30 

38 

4  hours. 
4  hours. 

30 
36 

Up   4   hours. 
Vomited. 
Bed.     Vomit 

Not   so   well. 

i.     Dyspnoea. 
Restless.     Sallow  complexion. 
Pain  in  abdomen.     Anorexia. 
32       Dyspnoea.     Felt  better  in  the  evening. 


Tr.  Digit.  1  dr. 

50       Improved  condition. 
Tr.  Digit.  1  dr.  Less  restless. 


48 

48 
50 

44  Feels  very  well.     Looks  well. 

40  Vomited. 

42  Up  2  hours. 

40  Up  2  liours. 

40  Up  2  hours. 

48  Up   2  hours. 

42  Up  2  hours. 

48  Up  4  hours. 

48  Up  4  liours. 

40  Up  4  hours. 
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Hour  at       Heart 

WHICH  RATE  UrINE 

tracing  per  (in 

Date      taken.  min.  Driic.  ozs.)  Remarks. 

Nov. 

2(itli        2        |Mn.  iL'ii                                                 40        I'p   4   limirs. 

<l..'t(l  |i.iii.  IM) 

27tli      li>       11.111.  !IL'                                              30       Up  4  hours. 

ii.l."i  ]..iH.  ]n.s 

I'Slli      10        a. 111.  Its                                                 34        Up  4   liours. 

.S        p.m.  100 

2'Jtli      10.  IT)  a.m.  102                                                 3H        Up   4  liours. 

7.50  p.m.  10  1 

30tli      10.1.")  a.m.  102                                              40        Up  4  hours. 

8.45  p.m.  102 
Dec. 

1st      11        a.m.  112                                              42       Up  5  hours. 

8.10  p.m.  100*                                                     *Patient  died  in  next  bed. 

2nd     11.30  a.m.  102                                              4(i       Up  5  hours. 

3rd        9.20  a.m.  100                                              47       Up  5  hours. 

4th      10.10  a.m.  <,)N                                              44       Up  5  hours. 

8.15  p.m.  140 

5th      10       a.m.  108                                              40       Up  5  liours. 

8  p.m.  120 

6tli      10       a.m.  100  40       Up  5  hours.    Not  feeling  wcli. 

8.20  p.m.  132                                                         Pain  in  epigastrium. 

7th      10       a.m.  118  40       Up  5  hours 

8.10  p.m.  132 

Sth      11        a.m.  110  42       Paliiitation  and  dyspnrea. 

9  11.111.  114        Tr.  Digit.  1  dr.                       Up  5  hours, 
ytli      10       a.m.  98  44       Feeling  better. 

8.5    p.m.  110        Tr.   Digit.  1   dr.  Up  5  hours. 

10th        9.30  p.m.  74       Tr.   Digit.  I    dr.  40       Up  5  hours. 

11th      10.10  a.m.  82  42       Feeling  well.      Up  li  hours. 

7.50  ]..ni.  84       Tr.  Digit.  1  dr. 

12tli      10.15  a.m.  74  48       Up  0  hours. 

8.10  p.m.  78       Tr.  Digit.  1  dr. 

13th      10.10  a.m.  7(i  50        Uji   0  hours. 

8. 10  p.m.  72       Tr.  Digit.  1  dr.  Feels  well. 

14tli      10.15  a.m.  70  58       U]i  0  hours. 

9.30  p.m.  ti4       Tr.  Digit.  1  dr. 

15th      10.5    a.m.  00  52       Up  0  hours. 

7.45  p.m.  74       Tr.  Digit.  1  dr. 

10th      10.15  a.m.  (i8  50       Up  0  hours. 

8.25  p.m.  70       Tr.  Digit.  1  dr. 

17th        7.40  p.m.  78       Tr.  Digit.  1  dr.  50       l^p  0  hours. 

18th      10.15  a.m.  70       Tr.  Digit.  15  m.  40       U|i  0  hours. 

(Total  =  10  drs., 
15  minims) 

I'Jth      10        a.m.  08  38        U|i   G  hours. 

8        p.m.  70 

20tli      10       a.m.  80  42        Up  0  hours. 

8.15  p.m.  84 

Discharged  on  December  the  30tli,    1911. 

CASE  4.     E.    B.,  a    woman,  aged     04.     Auricular    fibrillation.     Arterio-  and    cardio-sclcronis. 
Sliijht  and  transient  slowiny  of  the  heart  rate  after  the  administration  of  strophantliin. 

Admitted  on  August  the  3rd,  1911.  cniii|>lainiiig  of  breathlessness,  and  swelling  of  the  feet 

Familji  history.  Her  fatlier  died  of  '"  |iaralytic  fits."  Her  mother,  six  brothers  and  two 
sisters  are  deai.1,  but  there  is  no  histor\'  as  to  the  causes  of  their  tleaths.  Three  sisters  are  alive 
and  well. 

Previous  illnesses.  The  patient  has  had  bronchitis  every  winter  for  several  years  and  I  ns 
suffered  from  "rheumatism"  for  many  years,  but  there  is  no  history  of  acute  rheuniatii  ni. 
She  has  had  shortness  of  breath  for  one  week. 


376  C.     1).     S.     AGASSIZ. 

Condition  on  admission.  There  is  considerable  dyspnoea,  wliieh  is  increased  l).v  tlio  sliglitest 
exertion.  Her  complexion  is  very  sallow  and  the  vessels  of  the  cheeks  are  injected.  She  has  a 
slight  cough  but  only  scanty  expectoration.  The  deep  cardiac  dulness  extends  4J  inches  to  the 
left  of  the  middle  line.  The  action  of  the  heart  is  irregular  and  an  indistinct  sj'stolic  murmur  is 
jiresent  at  the  apex  and  at  the  tricuspid  orifice.  The  pulmonic  second  sound  is  accentuated. 
The  pulse  is  \'ery  poor  in  force  and  volume  and  the  radial  arteries  at  the  wrist  are  thickened.  The 
lungs  are  emphysematous  and  there  is  cedenia  of  both  bases.  The  liver  is  jialpable  one  finger- 
breadth  below  tlie  right  costal  margin.  There  is  neither  ascites  nor  cedema  of  the  feet.  The 
urine  is  scanty  and  contains  a  trace  of  albumen.  Polygraphic  tracings  showed  the  ventricular 
form  of  venous  pulse  and  gross  irregularity  of  the  heart  beat. 

Treatment  and  progress.  The  patient  remained  at  rest  in  bed  for  nine  days,  but  her  condition 
did  not  improve.  On  August  the  12th,  l.oOO  grain  of  strophanthin  was  given  at  10.33  a.m.  but 
only  produced  a  slight  effect  on  the  heart  rate.  At  .5.5  ]).ni.  the  dose  was  rejjeated,  but  the  effect 
was  slight.  On  August  the  13th,  an  injection  of  1  oOO  grain  was  given  at  10.33  a.m.  and  again 
the  result  was  slight,  but  the  total  effect  of  the  three  injections  was  to  lower  the  heart  rate  from 
124  to  94  per  minute.  Rises  of  temperature  occurred  on  the  evenings  of  August  the  1 3th  (100'4°F.) 
and  the  14th  (9!lii°  F.).  There  was  no  alteration  in  the  syni|itoms  and  ])hysical  signs  on  examina- 
tion, on  August  the  10th  and  the  17th.  From  August  t lie  13tli  to  the  IStli  tlie  heart  rate  remained 
at  a  lower  level  than  previous  to  the  administration  of  tliestroplianthin.  On  August  the  18th,  1  500 
grain  of  strophanthin  was  injected  at  10.50  a.m.,  but  with  only  a  temporary  effect  on  the  heart 
rate.  At  10.15  a.m.  on  August  the  10th,  1/500  grain  was  injected,  with  the  result  that  the  heart 
rate  increased  and  within  thirty  minutes  of  a  .second  injection  of  1,500  grain,  given  at  2.55  ]).m., 
it  had  risen  from  114to  13(i  ])er  minute.  At  (5.40  p.m.  it  was  132  ])er  minute  but  had  fallen  to 
116  per  minute  by  10.20  a.m.  on  August  the  20th.  There  were  sharji  rises  of  temperature  on  the 
evenings  of  August  the  lilth  ( 101°  F. )  and  the  20th  ( 100-il°  F. ).  Tincture  of  digitalis  in  15  minim 
doses,  three  times  daily,  was  prescribed  on  August  the  21st,  but  was  discontinued  on  August  the 
28th,  when  the  patient  had  taken  'i^  drachms.  During  this  period  the  heart  rate  gradually  fell  from 
118  to  74  pier  minute.  From  August  the  25th  to  the  28th  the  flow  of  urine  increased  and  reached  a 
maximum  of  04  ounces  on  the  latter  date.  The  condition  of  the  patient  had  improved,  but  owing  to 
the  persistent  sleejjlessness,  chloral  and  potassiiun  bromide  were  ordered  on  two  occasions.  During 
the  night  of  August  the  31st  the  patient  complained  of  "  cramjj '"  of  the  left  foot  and  she  stated 
that  "  it  felt  like  a  lump  of  lead."  Examination  revealed  no  impairment  of  sensation  nor  any  signs 
of  obstruction  to  the  blood  flow.  Cheyne-Stokes  breathing  was  jiresent  and  there  was  oedema 
of  the  bases  of  the  lungs.  After  this  the  \entricular  rate  gradually-  increased  and  reached  120 
per  minute  on  September  the  11th.  On  September  the  12th  an  injection  of  1,250  grain  of 
strophanthin  was  given  at  9.55  a.m.,  the  ventricular  rate  being  1 10  per  minute,  and  this  dose  was 
repeated  at  2.10  p.va.  with  a  result  that  the  ventricular  rate  drojiped  to  94  per  minute  by  8.15 
p.m.  The  temperature  rose  to  102-2  degrees  Fahr.  on  the  evening  of  September  the  I3th.  On 
September  the  14th  the  patient  felt  better,  but  there  was  oedema  of  both  feet,  of  the  right  leg,  and 
of  the  bases  of  both  lungs.  The  respirations  were  rapid  but  the  Che^-ne-Stokes  breathing  liad 
disappeared.  As  the  ventricular  rate  did  not  remain  slow  tincture  of  digitalis,  in  15  minim  doses 
three  timesdaily,  was  prescribed  with  a  diuretic  mixture  on  September  the  14th.  The  heart  rate 
gradually  fell  and  on  September  the  25th  it  was  80  per  minute  ;  it  remained  at  this  rate  until 
October  the  14th,  when  the  digitalis  was  discontinued,  a  total  of  22 J  draclims  having  been  taken. 
Theocin  sodiimi  acetate  in  7  grain  doses  was  added  to  the  digitalis  on  September  the  28th,  but 
the  increase  in  urine  was  very  slight  in  amount.  On  this  date  there  was  extensi\e  oedema  of  the 
legs,  up  to  the  sacrum,  and  of  the  bases  of  the  lungs.  Cheyne-Stokes  breatliing  was  present.  On 
October  the  12th  there  was  cedema  of  the  bases  of  both  lungs.  The  jjatient  left  lios])ital  on 
October  the  10th,  but  for  se\'eral  days  previously  she  had  shown  evidences  of  mental  change. 
The  Cheyne-Stokes  breathing  persisted  to  thodate  of  herdischarge.  Polygraphictracingsexhibited 
gross  irregularity  of  the  heart's  action  and  the  ventricular  form  of  venous  pulse  throughout  the 
whole  period  of  observation. 

TABLE  V.     (CASE  4.) 

Urine 

(in 
Dkug  ozs.  )  Remarks. 


Hour  at 

Heart 

WHICH 

RATE 

TRACING 

PER 

Date 

TAKEN. 

MIN. 

Aug. 

3rd 

8.1, 

5  p.m. 

lis 

5th 

9 

p.m. 

102 

7th 

12 

noon. 

140 

9th 

12 

noon. 

nil 

Uth 

132 

12th 

9 

a.m. 

124 

10.33  a.m. 

11.5 

a.m. 

114 

21 
24 


Dyspmca.     Sallow  complexion. 


Stroph.  1/500  gr. 
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Hour  .\t 

He.\rt 

WHICH 

R.\TE 

Urine 

TR.\OING 

PER 

(IN 

D.\TE 

T.\KEN. 

MIN. 

DRUfi. 

ozs.) 

Aug. 

12th 

11.40  a.m. 
12.30  p.m. 

2.30  p.m. 

4.30  p.m. 

5.5    p.m. 

5.35  p.m. 

7        p.m. 

0        p.m. 

124 
114 
lO.S 
ll.S 

114 
112 
114 

Stroph.  l,'500gi. 

13th 

It.SOii.m. 
10.33  a.m. 
11.5    a.m. 
12.30  p.m. 

2        ]).m. 

0.30  |).m. 

103 
1 03 

lot; 

110 

Str.iph.  1  '500  LT. 

24 

mil 

10.20a.m. 
.S.20  p.m. 

,s,s 
1(14 

29 

i.-.iii 

!).30a.m. 
.S.30  p.m. 

los 

OS 

33 

iiitii 

!l.30  :l.Iii 

0.20  p.m. 

94 
114 

28 

17th 

0.40  a.m. 

IIKS 

42 

ISlI, 

0.45  a.m. 
10.50  a.m. 
11.20  a.m. 

1.55  p.m. 

3.35  ji.m. 

(5.50  jLin. 

104 

102 

102 

9ft 

114 

Strtiph.  1  '500  pr. 

31 

lOlh 

!).25a.m. 

10. 15  a.m. 
H).45  a.m. 

2        ]>.in. 

2.55  p.m 

3.35  p.m. 

0.40  p.m. 

100 

112 
114 

i3i; 

132 

Stritph.  1  '500  gr. 
Stri.ph.  1  '500gr. 

33 

20th 

10.20  a.m. 

IKi 

20 

2Nt 

><.45p.m. 

MS 

Tr.  Digit,  m.  15 

40 

22ii<l 

0.50  a.m. 

lot; 

31 

0        ]i.iii. 

SO 

Tr.  Digit,  m.  45 

23ril 

0.10  p.m. 

9S 

Tr.  Digit,  m.  45 

30 

24tli 

S. 30  p.m. 

93 

Tr.  Digit,  m.  45 

32 

25th 

K.50  ]i.iii. 

7S 

'i^r.  Digit,  m.  4.5 

30 

2('ith 

.S.55  ().m. 

S4 

Tr.  Digit,  m.  45 

42 

27tli 

10. 15a.m. 

72 

Tr.  Digit,  ni.  45 

40 

2.stli 

0.35  a.m. 

74 

Tr.  Digit,  m.  30 

04 

(Total  taken  =  5i  clrar-lims) 

30tli 

0.45  a.m. 
K. 30  p.m. 

S4 
.S.S 

32 

3 1st 

0.45  a.m. 
0        p.m. 

till 
102 

44 

S<-].t. 

1,-^t 

12  notin 
0.5    p.m. 

SO 
94 

42 

2n(l 

0.30  a.m. 

S2 

30 

3r,l 

9.35  a.m. 

S2 

2S 

4th 

10      a.m. 

Sli 

24 

5tli 

0.40  a.m. 

92 

21 

lith 

0.50  a.m. 
0.40  p.m. 

92 
1(14 

10 

7(1. 

11        a.m. 

101 

los 

35 

Sth 

9.30  a.m. 

105 

21 

Reihrks. 


Feels   better. 

Rise    of    temperature    in    the    evening 
{100-4°  F.). 


Rise    of    temperature    in    tlie    evening 

(99-0°  F.). 


Sleepless. 

Rise  of  temperature  to   101   (leg.   F.   in 
the  evening. 

Chloral,  grains    10. 

Pot.  Broin.  grains  30  at  night. 


No  improvement. 

Rise    of     tempi.^raliiro    in   tlie     evening 
(IOO-(;°  F.). 


Slept  well.     Feels  better. 
Sleep  broken. 


Slept  fairly  well.      Cramp  in   left  foot. 
Cheyne-Stokes  breathing  present. 

Feels  a  little  better. 

Slejjt  well 

Foot  feels  numb. 


Slept   wt 


Foot  in  same  eonilition. 


Very  little  sleep  last  night. 
Not  so  well. 
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Hour  at 

Heart 

WHICH 

RATE 

TRAflNO 

PER 

Date 

TAKEN. 

MIN. 

Se|it. 

Oth 

11.35  a. Til. 

Kill 

mil 

12. 3U  p.m. 

110 

'.».30  p.m. 

121! 

12tli 

il.  10  a.m. 
\).ru^  a.m. 

Mil 

10.30  a.m. 

122 

1.30  p.m. 

102 

2.10  p.m. 

2.40  p.m. 

92 

5. 15  ]).m. 

112 

8. 15  [J.m. 

94 

l.'itli 

11.50  a.m. 

102 

!t,5    p.m. 

IKi 

14th 

10.55  a.m. 

lOli 

Ifith 

9.35  a.m. 

98 

8.50  |).m. 

108 

Kith 

10.20  a.m. 

1112 

!l       ji.m. 

120 

ISth 

8.40  jj.m. 

111 

tilth 

9.55  a.m. 

112 

8.50  )).m. 

9S 

20th 

10.15  a.m. 

104 

8.50  i).m. 

117 

21st 

11.20a.iii. 

99 

(i.45  ]i.in. 

102 

22nd 

12.10  p.m. 

94 

H.  15  ]).m. 

108 

23ril 

10.15  a.m. 

94 

8.50  p.m. 

100 

24tli 

9.25  p.m. 

9ti 

2r,th 

12  noon 

80 

8.40  p.m. 

92 

2iitli 

9.30  a.m. 

80 

8.45  p.m. 

75 

27th 

H.Hd  p.m. 

92 

2nth 

9.35  a.m. 

90 

11.35  p.m. 

80 

2!tth 

9.50  a.m. 

80 

8.55  p.m. 

78 

3tlt.li 

10.5    a.m. 

84 

8.30  11. m. 

94 

Oot. 

l<t 

11.20  a.m. 

811 

9.5    p.m. 

88 

2iia 

10        a.m. 

82 

7.30  ji.m. 

82 

3ra 

12.35  p.m. 

811 

8.35  p.m. 

8(1 

■Ith 

I  2  noon 

811 

(».4.5  p.m. 

88 

Gth 

9.45  a.m. 

74 

8.30  p.m. 

7s 

6th 

9.50  a.m. 

82 

7th 

12  noon 

8S 

8,20  p.m. 

SO 

Drug. 


Urine 

(in 

ozs.) 


Remark.^. 


Stroph  .  1/250  gr. 
Stroph.  1/250  gr. 

Tr.  Digit,  m.  45 

Tr.  Digit,  m  45 

Tr.  Digit,  m.  45 
Tr.  Digit,  m.  45 

Tr.  Digit,  m.  45 

Tr.  Digit,  m.  45 

Tr.  Digit,  m.  45 

Tr.  Digit,  m.  45 

Tr.  Digit,  m.  45 
Tr.  Digit,  m.  45 

Tr.  Digit,  m.  45 
Tr.  Digit,  m.  45 

Tr.  Digit,  m.  45 
Tr.  Digit.  111.  45 

Tr.  Digit,  m.  45 
Tr.  Digit,  m.  45 

Tr.  Digit,  m.  45 

Tr.  Digit.  111.  45 

Tr.  Digit,  m  45. 

Tr.  Digit    111.  45 

'I'r.  Digit,  m.  45 

Tr.  Digit,  m.  45 
Tr.  Digit.  111.  45 


20       Slept  well.      Feels  much  better,  Breath- 
ing easier. 
Dyspnoea.     Sleepless. 

Cheyne-Stokes  breatliing. 


24 

18 


34 
34 

2(1 

15 

2(1 
Kl 

12 

30 

20 

24 

Kl 

18 

24 

12 
30 

:!8 

28 

58 

4(1 

34 

18 

4(1 

.■»1 
40 


Very    little    sleep    last    night, 
Orthopncea. 

Chloral,  grains   10. 

Pot.  Brom.  grains  30  at  night. 

Evening  temperature  100°  F. 


Feels     hotter.       Evening     tomporaturo 

102-2^  F. 
Digitahs   combined   with   diuretic 

mixture.     Oedema  of  both  feet 

and  right  leg. 


Breathing  easier. 
D\'Sjmoea.     Sleepless, 


Cheyne-Stokes  breathing  marked. 
Pain  in  left  side, 
Cheyne-Stokes    breathing   present. 
Pleural  rub  at  base  of  left  limg. 


Breathing  difHcult, 
Pain  in  left  foot. 
Feels  a  little  better. 


Somewhat  improved. 
Theoein  sodium  acetate  grains  7  added 
to  each  dose  of  digitalis. 


Oedema  diminishing. 
Sleeping  better. 


Discharged   on   October  the    Killi. 
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CASE  5,  A.  P.,  a  wnmannrjri]  4'.).  Auricular  jihriUation.  Mitral  and  aortic  disease.  Redtiction 
of  heart  rate  and  improvement  in  symptoms  following  the  use  of  strophanthin  ;  sudden  death 
12  hours  after  the  last  injection. 

Admitted  on  September  the  2Sf  h,  I!ll  1.  comiilnining  of  sliortness  of  breatli,  sleeplessness  and 
nausea  after  meals. 

Family  history.      No  liistnry  ol)tainal)lo. 

Previous  illnesses.  The  patient  had  ne\er  liad  aeute  rheumatism.  For  some  years  she  had 
had  attacks  of  fainting  with  jjain  over  the  prteoordial  area.  These  attacks  have  been  worse 
during  the  two  years  jireceding  admission.     There  has  been  Q?dema  of  the  feet  since  August. 

Condition  on  admission.  The  patient  sits  prop[)ed  up  in  bed.  her  breathing  is  laboured, 
respiration  22  per  minute,  and  she  is  very  restless.  Her  complexion  is  sallow  and  her  cheeks, 
no.se.  and  the  lips  are  cyanoscd.  There  is  considerable  pulsation  of  the  vessels  at  the  root  of  the  neck 
even  w-hen  the  patient  stands.  Her  finger  tips  are  slightly  clubbed.  There  is  ]>ulsation  over 
the  left  side  of  the  chest.  The  apex  beat  is  in  the  sixth  left  interspace  in  the  anterior  axillary 
line  and  a  slight  thrill  is  detected  here  on  palpation.  The  deep  cardiac  dulness  extends  IJ 
inches  to  the  right  and  (i  inches  to  the  left  of  the  mid-sternum.  The  action  of  the  heart  is  very 
rajjid  (180  per  minute)  and  very  irregular.  At  the  apex  an  indistinct  bruit  is  present,  which  is 
difficult  to  time  owing  to  the  rapidity  and  irregularity  of  the  heart's  action.  The  second  sound 
in  the  mid-axillary  line  and  at  the  |iulmonic  area  is  accentuated.  The  liver  is  i)alpable  four 
fingerbreadths  below  the  right  costal  margin.  There  is  a>dema  of  the  bases  of  both  lungs,  the 
feet,  legs,  and  over  the  sacrum,  and  there  is  some  ascites.  The  veins  of  the  legs  are  varicose. 
There  are  present  grt)ss  irregularit\'  of  the  heart's  action  and  the  \'entricular  form  of  venous  pulse 
as  shown  by  jiolygraphic  tracings. 

Treatment  and  progress.  The  patient  remained  at  rest  in  hcil  for  five  days.  On  October 
the  .'ird  a  single  injection  of  1  2.50  grain  of  strophanthin  was  given  at  10.14  a.m.  the  heart  rate 
being  178  per  minute,  and  it  fell  to  134  i)er  minute  in  24  hours,  and  at  the  same  time  an  amelioration 
of  the  symi)toms  took  place,  though  the  patient  still  continued  slee]>less.  On  October  the  7th 
her  condition  remained  unaltered.  At  12.22  ii.m.  1  250  grain  of  strojihanthin  was  injected,  when 
the  heart  rate  was  KiO  jier  minute,  and  another  injection  of  1  230  grain  was  given  at  3.22  p.m. 
followed  three  hours  later  Ijy  an  injection  of  1  500  grain.  At  7  p.m.  the  heart  rate  had  fallen  to 
71)  per  minute,  a  fall  of  84  beats  per  minute  in  l.U  hours.  The  patient  felt  more  comfortable,  her 
breathing  was  easier,  her  appearance  had  improved  and  she  slept  on  one  or  two  occasions  while 
tracings  were  taken.  The  ventricular  rate  remained  about  90  per  minute  during  the  last  two 
hours  during  which  tracings  were  taken.  She  slept  well  during  the  night.  At  5  a.m.  on  the 
following  morning  (October  the  8th),  while  sitting  >ip  in  bed  talking,  she  suddenly  complained 
of  a  |>ain  in  her  al)domen  and  a  few  minutes  later  dro])ped  'oack  dead.  At  no  time  was  any  undue 
slowing  of  the  heart  observed.  The  ventricular  form  of  venous  pulse  and  the  gross  irregularity 
of  the  heart  beat  jjersisted  throughout  the  j'criod  of  observation.  Fig.  4,  which  is  compiled 
from  tracings  taken  from  this  patient,  shows  the  abrupt  fall  of  rate  occurring  after  the 
administration  of  strophantinn. 
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Hour  at 
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WHICH 

RATE 

Urine 

Size 

TRACING 

PER 

(IN 

(IN 

D.ITE 

TAKEN. 

MIX. 

Dru 

0 

ozs.) 

INCHE.S 

Sejit. 

28th 

3.30  p.m. 
(i.lO  p.m. 

ISO 
170 

li-o 

2!)th 

10       a.m. 
2        p.m. 
0        ji.m. 

1 1!0 
154 
154 

2<1 

30tli 

10        a.m. 
2        i->.ni. 
()        p.m. 

104 

I  lis 

KiS 

3'* 

Oct. 

1st 

11.15  a.m. 

170 
17(1 

21 

2nd 

10       a.m. 
2        ]).m. 
11.20  p.m. 

158 
108 
172 

30 

3rd 

•1.30  a.m. 

170 

44 

Remarks. 

II     Cyanosis    of   lips    and    cheeks. 
Orthopnoea.    Oedema  of  feet. 


Marked  pulsation  on  neck  present 
even  when  standing.  Poor 
a|)petite.  Feels  sick  after 
meals.  Restless  and  sleepless 
at  night.  Cyanosis  of  lips  and 
cliceks.       Orthoiincva. 
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Urine         Size 
(in  (in 

Drug.  ozs.)       inche.s)  Remarks. 

Stroph.  1/250  gr. 

Slept  while  tracing  taken 


Hour  at 

Heart 

WHIfH 

RATE 

TR.VCINO 

PER 

Date   taken. 

min. 

Oct. 

3rd    10-14  a.m. 

17S 

10.14  a.m. 

10.30a.m. 

170 

10.4o  a.m. 

liiii 

1 1   a.m. 

172 

11.15  a.m. 

lO.s 

11.30  a.m. 

154 

1 1.45  a.m. 

1  OS 

12  noon 

102 

12.15  p.m. 

150 

12.30  p.m. 

1 53 

1   p.m. 

102 

1.30  p.m. 

152 

2   i'-™- 

152 

3   p.m. 

148 

3.30  p.m. 

150 

4   p.m. 

US 

4.30  p.m. 

150 

5   p.m. 

1.54 

5.30  p.m. 

148 

(i   i).m. 

104 

4tli   10   a.m. 

134 

(i   ]).iii. 

100 

5th   9.50  a.m. 

100 

0.5  p.m. 

140 

(ith   9.55  a.m. 

140 

()   p.m. 

132 

7th   9,10  a.m. 

1 58 

12  noon 

100 

12.22  p.m. 

12.30  p.m. 

140 

12.45  p.m. 

132 

1    p.m. 

1411 

1.15  |).m. 

14(1 

1.30  p.m. 

1411 

1.45  [>.m. 

1311 

2   i>.m. 

130 

2.15  p.m. 

130 

2.30  p.m. 

13S 

2.45  p.m. 

134 

3   p.m. 

144 

3.15  p.m. 

150 

3.22  p.m. 

3.30  p.m. 

130 

3.45  p.m. 

110 

4   p.m. 

108 

4.15  p.m. 

120 

4.30  p.m. 

114 

4.45  p.m. 

100 

5   p.m. 

102 

5.15  p.m. 

10(1 

5.30  p.m. 

112 

5.45  p.m. 

100 

0   p.m. 

9(1 

0.15  p.m. 

90 

().25  i).m. 

0.30  p.m. 

90 

0.45  i).m. 

82 

7   p.m. 

70 

7.15  ]i.m. 

80 

7.31)  p.m. 

88 

7.45  p.m. 

82 

8   ]i.m. 

80 

Dyspnwa  slightly  less  evident. 

10  Pulse  slightly  slower.  Feelsbetter. 

Slept    badly   last   night. 
37 

21 

10     2] — 7]   Dyspna>a  still  prc.sent  but  not  so 
great  as  on  admission. 


Stroph.  1/2.50  gr. 


Stroijh.  1/250  gr. 


Stroph.  1/500  .jr. 

Feeling  xery  mnoh  bettor. 
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Hour  at 

Hkart 

WHICH 

».\TE 

TRACING 

TER 

Date 

TAKEN. 

MIN. 

Oct. 

7tli 

.S.  1.")  p. 111. 

Si 

S.:iO  |l.ni. 

•SI) 

.S.4.')  p. in. 

7(1 

II        i..in. 

ss 

'.1. 1.")  p.m. 

ss 

Stli 

."i.4."wi.in. 

Drug. 


Urine  Size 

(IN  (IN 

OZS.)  INCHES) 


Remarks, 


Sleeping. 
Sleeping, 
Died  une-xpectedly. 


Pout   Mortem   Exaittiiiatiott. 

Post  mortem  rigidity  well  marked.  Post  mortem  staining  in  dependent  parts.  Oedema  of  the 
right  foot  and  leg.  The  right  pioiiral  eiivity  containetl  ."H  ounces  and  the  left  2  ounces  of  a  clear 
serous  fluid.  The  right  lung  weighed  2<t  ounces  and  the  left  1(>  ounces  ;  both  were  cedcmatous. 
Th(^  jjeritoneal  cavity  contained  12  ounces  of  a  clear  serous  fluid.  The  liver  weighed  .')2  ounces. 
Its  surface  was  rough  and  its  substance  hard.  There  was  an  adhesion  2i  inches  long  and  2  inclies 
wide  between  the  upper  and  outer  surface  of  tlie  right  lobe  of  the  liver  and  the  under  surface  of  the 
diaphragm.  On  section  the  organ  presented  a  "  nutmeg  "'  appearance.  The  sjileen  weighed  5 
ounces,  was  hard,  and  there  was  some  [lerisplenitis.  The  right  kidney  weighed  5J  ounces.  Its 
capsule  was  slightly  adherent  around  the  liilum.  The  left  kidney  weighed  UJ  ounces  and  the 
capsule  was  adherent  rouiiil  the  hilum.  On  sect  ion  botli  kidneys  ])re.sentecl  a  congested  a]i])carance. 
There  was  a  small  fibri_)id  tumour  at  the  fundus  of  the  uterus.  The  heart,  ]>ericardirnn  anti  roots 
of  the  vessels  weighed,  in  all.  32  ounces.  The  pericardial  sac  contained  B  ounces  of  a  clear  serous 
fluid.  There  were  no  pericardial  adhesions,  but  a  small  milk-white  spot  was  jiresent  at  the 
apex  of  the  left  ventricle.  There  was  no  clot  in  the  jiulmonarv  artery.  Tlie  wall  of  the  left 
ventricle  was  considerably  hypertrophied  and  the  wall  of  the  right  ventricle  also  but  to  a  less 
e.xtent.     The  flaps  of  the  mitral  valve  and  aortic  cusps  were  much  thickened. 

CASE  6.  A.  J.,  a  mun.  at/rrl  21*.  Paroxystndl  tcn'lnji'urdia  {non-rlipiimatic).  Sloiring  of  the 
rate  of  paroxysm  trill/  ronthinatioii  oj  tlie  fibnllation  for  nine  ilaiii^  after  the  ailm>nistratie)n  of 
strophanthin. 

.-Vdmitted  on   October  the   J3th,    litll,  in  a  paroxysm  of  tachycardia, 
suddenly  attacked  with  ]ialpitation,  dyspncea,  vomiting  and  collapse. 

Family  history.      His  mother  died  of  "'  heart  troulile  "  at  the  age  of  .")7. 
and  two  sisters,  all  of  whom  are  healtli\'. 

Previous  illnesses.  He  had  good  health  until  2J  years  ago,  since  when  he  has  been  subject  to 
attacks  similar  to  that  on  admission.  There  is  no  history  of  rheumatism  or  chorea.  Full  details 
of  the  past  liistor\'  of  this  case  are  gi\en  in  Hearty  (912.  iii,  1  7'i,  CASE  1. 


At  4.   i).m.   ho  was 
He  has  two  brothers 


'   I    V    I    p    t    I 
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Fig.  !l.  Two  polygraph  curves,  taken  from  CASE  G.  nn  October  tlie  14th  and  the  23rd.  Tlio 
upper  curve  was  taken  during  tlie  paroxysm  and  «  lien  the  \eiitricular  rate  had  slowed  in 
re.s])on.se  to  strophantlim.  The  lower  curve  was  taken  after  flic  resumption  of  the  normal 
rhythm. 
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Cimdition  cm  admission.  He  appears  very  ill,  pale  and  collapsed.  Beads  of  perspiration 
stand  out  on  his  forehead.  He  i.'^  constantl\"  retehinp;  anti  vomiting  and  is  iniable  to  sleep.  The 
apex  beat  is  in  the  fifth  left  interspace  in  the  nipple  line  and  the  deep  cardiac  dulness  e.xtends  5i 
inches  to  the  left  of  the  middle  line.  The  rate  of  heart  beat  is  very  rapid  (150  pet  minute)  and  a 
systolic  bruit  is  present  at  the  ajiex.  The  liver  is  not  enlarged  and  there  is  no  oedema  of  the 
lungs  or  extremities.  Polygrapliic  tracings  show  that  there  is  complete  irregularity  of  the  heart's 
action  and  that  the  \'entricular  form  of  venous  pulse  is  present. 

Treatment  and  progress.  At  11.35  p.m.  on  October  the  I3th,  the  heart  rate  being  156  per 
minute,  1/250  grain  of  strophantliin  was  injected  and  a  similar  dose  was  given  two  hours  later. 
No  immediate  slowing  of  the  ventricular  rate  occurred  but  by  8.15  ji.m.  on  October  the  I4th  it 
had  fallen  to  100  per  minute,  and  it  was  56  per  minute  at  S.20  p.m.  on  October  tlie  I7th.  From 
this  date  the  rate  continued  slow,  though  oscillating,  and  the  heart's  action  irregular  until  October 
the  23rd  when  the  normal  rhythm  returned.  During  this  period  a  great  improvement  in  his 
condition  took  jilace.  The  pallor  of  his  face  was  replaced  by  a  more  natural  colour  and  the 
dyspnoea  disappeared  so  that  he  could  lie  flat  in  bed  without  discomfort.  Tlie  vomiting  ceased 
within  24  hours  of  the  injections  and  sleep  returned.  On  October  the  20th  the  deep  cardiac 
dulness  extended  4  inches  to  the  left  of  the  mid-sternum  but  the  other  physical  signs  remained 
unclianged.  In  this  ca.se  it  will  be  noted  that  the  area  of  deeji  cardiac  dulness  decreased  when 
the  rate  of  paroxysm  became  slow.     He  was  discharged  on  October  the  24th,  1911,  well. 


T.-VBLE  VII      (CASE  6.) 

Hour  .\t 

Heart 

WHICH 

RATE 

Urine      Size 

TRACING 

PER 

(IN             (IN 

Date 

TAKEN 

MIN. 

Drit..               ozs.)     i.vches)                Remarks. 

Oct. 

i:)th 

10.30  i).m. 

156 

Pale,    vomiting,    perspiring, 
d.vspnopic. 

11.35  p.m. 

Stroph.  1  '250  gr.                 0— 5i 

No  pulsation  in  neck. 

1 1.45  p.m. 

1 56 

14th 

12  midn't 

148 

12.15  a.m. 

144 

24 

12.30  a.m. 

148 

12.45  a.m. 

154 

Asleep. 

1        a.m. 

148 

1.15  a.m. 

146 

1.35  a.m. 

Stroph.  1/250  grain 

1.38  a.m. 

140 

1.45  a.m. 

138 

2       a.m. 

146 

2.15  a.m. 

144 

2.30  a.m. 

164 

2.45  a.m. 

140 

3       a.m. 

140 

3. 15  a.m. 

140 

3.30  a.m. 

132 

3.45  a.m. 

135 

4       a.m. 

136 

4.15  a.m. 

136 

4.30  a.m. 

134 

6.15  a.m. 

132 

9.40  a.m. 

136 

i-H 

2.15  p.m. 

144 

8.15  p.m. 

100 

Feeling  better. 

15th 

12.10p.m. 

124 

30 

9.10  p.m. 

88 

Much  improved. 

16th 

9        p.m. 

84 

32 

17th 

8.20  p.m. 

56 

32 

null 

10.15  a.m. 
8.25  p.m. 

106 
122 

32 

2(ith 

10        a.m. 
8.5    p.m. 

58 
76 

42     0—4 

21st 

10.5    a.m. 
8.35  jj.m. 

8S 
lOli 

28 

22nd 

l.IOli.m. 
9.;!0  )i.m. 

64 
US 

26 

2;;ni 

1  2. 15  p.m. 
8.25  p.m. 

56 
54 

30 

Normal  rhythm  resumed. 

24th 

9.45  a.m. 

60 

32 

Discharged.      Well. 


STROPHANTHIN    IN     AURICULAR     FIBRILLATION.         383 

CASE  7,  F.  D.,  a  umman,  w/ed  20.  Auricular  fibrUlalion.  Mitral  stenosis  (non-rheumatic). 
Great  improvement  in  general  condition,  slowing  0/  the  heart  ivith  dinresis  /nllowing  the  adminis- 
tration of  slropliantliin. 

Admitted  on  Octolmr  tlin  12tli,  101 1,  eomiilaiiiing  of  sliortiicss  of  l)roath,  tlirobhing  in  the 
neck,  palpitation  and  giddiness. 

Family  liistor;/.     Her  fatlier,  mother,  one  brother  and  five  sisters  are  all  alive  and  healthy. 

Previous  illnesses.  She  was  well  \ip  to  the  age  of  1.3,  hut  then  became  very  ana^mie  and  was 
at  times  nnaljle  to  do  her  work  owing  to  shortness  of  breath.  She  was  admitted  to  Victoria  Park 
Hospital  in  1',I02  and  again  in  1903  and  was  found  to  be  suffering  from  mitral  stenosis.  At  this 
time  her  pulse  was  regular,  the  apex  beat  was  inside  the  ni])ple  line  ;  a  presystolic  thrill,  presystolic 
and  systolic  murmurs  were  present  at  the  apex.  There  was  o?dema  of  the  bases  of  both  lungs 
but  not  of  the  feet.  Since  then  she  has  been  in  motlerate  health,  l>ut  at  times  has  been  imable 
to  do  her  work  owing  to  shortness  of  breath.     There  is  no  history  of  rheumatism  or  chorea. 

History  0/  present  illness.  She  woke  up  suddenly  at  3.30  a.m.  one  morning  in  July,  1911, 
with  a  feeling  of  great  weakness  and  a  distressing  throbbing  sensation  in  the  neck.  Since  then 
she  has  become  gradually  worse. 

Condition  on  admission.  The  patient  sits  propped  up  in  bed.  Her  complexion  is  pale  and 
rather  yellow,  and  there  are  dark  rings  under  the  eyes.  The  lips  are  cyanosed  and  there  is  a 
considerable  amount  of  visible  and  palpable  }>ulsation  at  the  root  of  the  neck,  which  prevents  her 
from  sleei)ing.  She  has  a  troublesome  cough  with  some  expectoration.  Her  appetite  is  bad  and 
the  taking  of  any  but  the  lightest  fooii  produces  a  feeling  of  sickness.  The  apex  beat  is  in  the 
sixth  left  inters|}ace  almost  in  the  mid-axillary  line  ;  a  thrill  is  felt  on  palpation.  A  marked 
heaving  impulse  of  the  left  side  of  the  chest  occurs  with  each  heart  beat.  The  doo)j  cardiac 
dulness  extends  1|  inches  to  the  right  and  7|  inches  to  the  left  of  the  mid-sternum.  The  heart's 
action  is  very  rapid  and  irregular.  A  loud  jiresystolic  bruit  is  present  at  the  apex  and  the 
pulmonic  second  sound  is  accentuated.  The  pulse  is  scarcely  pal])able.  The  liver  is  i>al[)able 
three  fingerbreadths  below  the  right  costal  margin.  There  is  extensive  cedema  of  the  bases  of  the 
lungs,  of  the  feet,  and  over  the  sacrum  ;  there  is  slight  ascites.  The  urine  is  scanty  and  contains 
a  trace  of  albumen.  Polygraphic  tracings  sliow  the  \entricular  form  of  \enous  pulse  and  gross 
irregularity  of  the  heart  beat. 

Treatment  and  progress.  The  i>atient  remained  in  bed  until  October  the  Kith  (four  days), 
when  she  was  given  five  separate  injections  of  1/500  grain  of  strophanthin  at  intervals  of  1  hour. 
The  ventricular  rate  fell  from  lli2  per  minute  at  10.10  a.m.  to  itii  per  minute  at  5  p.m.,  a  fall  of 
(i(i  beats  per  minute  in  7  bovirs  (see  Fig.  2).  .At  the  same  time  the  condition  of  the  patient 
improved  greatly  ;  she  felt  better,  the  tlyspncea  diminished,  and  she  slept  all  night  and  the  greater 
part  of  the  next  day.  On  October  the  17th  two  injections  of  1/.500  grain  each  were  given  at  12.27 
p.m.  and  1.32  p.m.  respectively  and  l/2.">0  grain  at  S.oO  |).m.  As  a  result,  the  ventricular  rate  fell 
from  124  to  Sli  per  minute,  a  fall  of  38  beats,  between  12. 1.1  ]i.ra.  and  7  p.m.  ((ij  hours).  Diuresis 
occurred  on  October  tlie  ISth  and  the  19th  and  the  [laticnt  passed  as  nuicli  as  128  ounces  of 
urine  within  the  i-pace  of  24  hours.  On  examination  on  Octoljcr  tlie  19tli,  the  pulsation  in  the 
neck  had  disapjicared,  and  there  was  only  slight  pulsation  perceptible  in  the  left  intercostal  spaces. 
She  could  now  lie  Hat  in  bed  without  discomfort.  Her  aj:)pearance  had  imj>ro\'ed  and  the  cyanosis 
had  tlisappeared.  At  the  a|)ex  there  was  a  bruit  filling  the  whole  of  diastole.  The  liver  had 
not  decreased  in  size  and  cptlema  of  the  bases  of  the  lungs  and  over  the  sacrum  was  still  present. 
Her  condition  steadily  improved  and  she  slept  and  ate  well.  On  October  the  2Gth  there  was  a 
very  soft  systolic  bruit  at  the  apex,  the  first  sound  was  accentuated  and  the  diastolic  murmur 
had  become  early  diastolic  in  time.  The  thrill  at  the  apex  was  diastolic  in  time.  The  enlargement 
of  the  liver  had  somewhat  decreased.  The  cedema  had  vanished  from  over  the  sacnnn  but  was 
still  |)resent  to  a  slight  extent  round  the  ankles.  By  November  the  2nd  the  oedema  of  the  lungs 
and  feet  had  disappeared.  The  ventricular  rate  gradually  cjuickened  until  on  November  the  (ith 
it  was  1 1)2  per  minute.  At  the  same  time  she  complained  of  a  return  of  the  |>alpitation.  She  was 
pale,  restless,  dys]ina'ic  and  sleepless.  On  November  the  7th  she  was  given  1/2.50  grain  of 
strophanthin  at  1(3.7  a.m.  and  1/500  grain  at  1.7  ji.m.  As  a  result  of  these  two  injections  the 
ventricular  rate  fell  from  lliO  to  9()  per  minute,  a  fall  of  04  beats  per  minute  in  3i  hours  (illustrated 
by  Kig.  5  and  0.  .\  conspicuous  impro\'enient  in  the  patient's  condition  took  place 
and  she  slept  well  during  the  night.  Pain,  lasting  from  one  to  two  hours,  occurred  at  the  sites  of 
injection.  Tliero  was  slight  oedema  over  the  saeriun  on  November  the  9th  but  otherwise  the 
physical  signs  remained  unchanged.  .After  this  the  ventricular  rate  gradually  increased  and 
it  was  150  per  minute  on  Novcmlicr  the  23rd  while  at  the  same  time  the  patient  felt  ill.  The 
liver  was  palpable  four  fingerbreadths  below  the  right  costal  margin  and  was  markedly  ]>ulsatile. 
There  was  o'denia  of  the  bases  of  both  lungs.  Tincture  of  digitalis  in  15  minim  doses  given  four 
times  daily  was  <'ommenced  on  November  the  27th,  and  the  ventricular  rate  rapidly  fell  and  an 
amelioration  ni  the  patient's  symptoms  tc>ok  place.  The  digitalis  \\'as  tliseontiuued  on  Deeendjer 
the  3rd,  a  total  of  7  drachms  having  been  taken.  The  enlargement  of  the  liver  became  less 
nuirkeil  and  on  December  the  7th  it  was  palpable  two  fmgerbreatlths  below  the  right  costal 
margin  and  a  further  decrease  in  size  took  place  during  the  next  two  weeks  but  it  could  still  be 
felt  just  below  the  right  costal  margin  at  the  time  of  her  discharge  froni  the  hospital.       The 
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ventricular  rato  liad  iiifreasecl  to  over  90  per  mimifp  when  the  patient  was  discharged  on  December 
tlie  21st.  At  no  time  was  there  any  decrease  in  the  extent  of  deep  cardiac  dnlness  other  than 
conld  Ije  attributed  to  percussion  error.  Tlie  polygi'a]>hic  tracings  sliowed  tlie  ventricular  form  of 
\enous  pulse  and  gross  irregularitj-  of  the  heart  beats  throughout  the  period  of  observation. 


TABLE  VIII.      {CASE  7.) 


Hour  at 

Heart 

WHICH 

R-ATE 

TRACING 

PER 

Date 

TAKEN. 

MIN. 

Oct. 

IStli 

10   a.m. 

170 

2   ]i.m. 

1  5S 

r,   i,.ni. 

171 

14fli 

1(1   a.m. 

170 

2   ]i.m. 

l(j(i 

.S   ii.m. 

1 5(i 

ir)tli 

2   ]i.m. 

102 

(t    p.m. 

168 

ir.th 

0.30  a.m. 
10.10a.m. 

1G2 

10.12  a.m. 

ir.o 

10.15  a.m. 

154 

10.30  a.m. 

150 

10.45  a.m. 

140 

11   a.m. 

154 

11.11  a.m. 

1 1.15  a.m. 

140 

11.3(1  a.m. 

140 

1 1.45  a.m. 

138 

12  noon 

132 

12.10  p.m. 

12. 15  }.>.m. 

120 

12.30  p.m. 

120 

12.45  p.m. 

124 

1   p.m. 

n.s 

1.11  p.m. 

1.15  p.m. 

118 

1.30  p.m. 

IKi 

1.45  p.m. 

122 

2   p.m. 

122 

2. 10  p.m. 

2. 15  p.m. 

124 

2.30  l).m. 

114 

2.45  p.m. 

110 

3   p.m. 

104 

3.15  ii.m. 

ion 

3.30  p.m. 

104 

3.45  p.m. 

102 

4   )>.in. 

102 

4. 15  \).in. 

100 

4.30  p.m. 

124 

4.45  p.m. 

100 

5   p.m. 

or, 

5.15  i>.m. 

96 

5.3(1  p.m. 

96 

5.45  p.m. 

110 

(3   ]i.m. 

102 

(>.  15  ii.rn. 

98 

0.30  p.m. 

98 

0.45  p.m. 

106 

7   p.m. 

94 

7. 15  p.m. 

106 

7.30  p.m. 

100 

DrUC!. 


Urine       Size 

(IN  (IN 

OZ.S.  )       IN(_'HES). 


Remarks. 
1}^-7|     Orthopncea.     Sickness. 


Stropli.  I'oOOgr. 


Stroph.  1/500  gr. 


25+   i-7}      Dyspncea.     rulsatinn  in  neck. 
Did   not  sleep  well   last   night. 


28  1-7  Considerable  pulsation  in  neck. 
Orthopncea.  Vomiting.  Sleep- 
less. 


Sleepy.  Can  lie  flat  without 
discomfort.  Patient  says  that 
"  her  heart  has  not  been  so 
cjuiet    for   weeks." 


Stroph.  1/500  gr. 


Stroph.  l/.">O0gr. 


Strojih.  1/500  gr. 


Patient  slept  while  tracing  taken. 
Patient  slept  while  tracing  taken. 


Sitting  up  and   luiving  tea 
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Hour  at 

Heakt 

WHICH 

KATE 

TRAI--INU 

I'ER 

Date 

TAKEN. 

MIN. 

Oct. 

imli 

7.4.1  i).ln. 

IKl 

S         |..lii. 

1  III 

.S,  l.-i  |i.rii. 

KIS 

DUU: 


Jrine 

Size 

(I.N 

(IN 

ozs. ) 

inches). 

RE.MARK.S, 

ITtli       IH.l.la.iii.         I  Hi  10 


10.1.-,  a.m. 

1  Hi 

12      noon. 

1  2(1 

12.1.3  p.m. 

124 

12.27  p.m. 

12.30  p.m. 

122 

12.45  p.m. 

110 

1        p.m. 

120 

l.lij  p.m. 

124 

1.32  p.m. 

1.45  i).in. 

12(i 

2        p.m. 

US 

2. 1.5  p.m. 

124 

2.30  p.m. 

134 

2.45  ]>.m. 

134 

3        p.m. 

IKi 

3. 15  p.m. 

112 

3.35  ]).m 

13(> 

3.45  p.m. 

12(1 

3.50  i).m. 

4        ]).iii. 

122 

4. 15  p.m. 

120 

4.30  p.m. 

114 

4.45  p.m. 

102 

5        p.m. 

100 

5. 15  ]i.iii. 

122 

5.30  jLiii. 

Uli 

5.45  p.m. 

102 

li        p.m. 

102 

(i.l5  p.m. 

Oli 

(i.30  p.m. 

MS 

(i.45  p.m. 

!I0 

7        II. m. 

SO 

7.15  ]).m. 

!I4 

7.30  11.111. 

'.to 

7.45  p.m. 

im 

.S        ]).m. 

OS 

8.15  p.m. 

SI) 

9       p.m. 

OS 

10. 15  a.m. 

ss 

2       p.m. 

!)S 

f>       i).m. 

S4 

10       a.m. 

88 

Feels  very  mueli  lietter.     Ciui  lie 
flat    witliout    discomfort. 
Throbbing    in    neck    has    dis- 
appeared. 


Slept  well  all  night. 
Feels  \ery  iiuicli  better. 
Stro[,li.  1/500  gr.  Great    iin[)ro\emcnt    in    a|>pear- 


ance. 


Stroi'h.  i;500gr. 


Slept    during  tlie  greater  jjart  of 
the  day. 


Stroph.  1/2511  gr. 


Evening  temperature  lOO'ti'^  F. 


IStli      10.15a.m.  SS  20  Slejit  well. 

2        p.m.  !)S 

li        p.m.  84 

10th      10        a.m.  88  12.S        .l-5j       Oedema   of    bases   of    lioth   lungs 

aiitl  o\er  sacrum.  Xo  pulsation 
in  neck.  Nu  (.Isspuu-a.  Feels 
well. 

38 

4U 

50 
42 
42 
4() 


8.15 

p.m. 

04 

20tli 

10 

a.m. 

OS 

li 

|.>.m. 

100 

21st 

10.15 

a.m. 

OS 

.^ 

p.m. 

94 

li 

p.m. 

98 

22nd 

.} 

p.m. 

108 

li 

p.m. 

98 

23rd 

10 

a.m. 

94 

li 

Ii.m. 

90 

24th 

10.5 

a.m. 

9li 

S.  15 

p.m. 

lOli 

25tli 

10 

a.m. 

lOli 

0.10 

p.m. 

los 
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Hour  at 

Heart 

WHICH 

RATE 

TRACING 

PER 

Datk 

TAKEN. 

MIN. 

Oct. 

20tli 

lU       ii.m. 

110 

1.45  [Mil. 

los 

,S.30  p.m. 

104 

L'Ttll 

10       a.ra. 

!M) 

(1        p.m. 

110 

I'Hth 

1(1        a.m. 

US 

0.40  p.m. 

104 

29th 

(i.30  p.m. 

118 

30th 

10       a.m. 

100 

2        p.m. 

124 

G       p.m. 

118 

31st 

10       a.m. 

130 

S        p.m. 

IIG 

Nov. 

1st 

10       a.m. 

148 

0.1.5  p.m. 

130 

2ncl 

10.5    a.m. 

126 

2       p.m. 

146 

8.40  p.m. 

134 

3rd 

10       a.m. 

132 

0.45  p.m. 

128 

4th 

10.5    a.m. 

156 

8.10  p.m. 

148 

Drcu. 


5th        2        p.m. 

136 

(i       i:i.m. 

154 

6th      10       a.m. 

146 

2       p.m. 

158 

6       p.m. 

162 

7th       9.15  a.m. 

164 

9.45  a.m. 

152 

10.7  a.m. 

160 

10.7    a.m. 

10.15  a.m. 

142 

10.30  a.m. 

136 

10.45  a.m. 

124 

11        a.m. 

134 

11.15  a.m. 

US 

11.30  a.m. 

110 

11.45  a.m. 

112 

1 2      noon 

116 

12.15  p.m. 

108 

12.30  p.m. 

108 

12.45  p.m. 

108 

1.7    p.m. 

1.7    p.m. 

108 

1.15  p.m. 

lO.s 

1.30  p.m. 

102 

1.45  p.m. 

96 

2        p. in. 

98 

2.15  p.m. 

106 

3.45  p.m. 

100 

4       p.m. 

94 

4. 15  p.m. 

96 

4.30  p.m. 

104 

4.45  p.m. 

100 

5       p.m. 

102 

5.15  p.m. 

94 

5.30  p.m. 

98 

5.45  p.m. 

120 

Urine      Size 

(in  (in 

ozs.)  inches) 

52  l.\  6J 


44 
44 


34 
32 


28 
42 

29 

45 


29 
31 

3S 


Stroph.  1/250  gr. 


Stroiili.  1,500; 


Remarks. 

I'Cc'ls  well.  No  a'llema  of  feet. 
Sli^llit  ii'dema  over  sacrum. 
Sleeping  well 


|-5|      Feels  well. 

Oedema  disappeared. 
Up   1   hour  in  chair. 
Up   1   hour. 

Did    not   sleep   well   last    night. 

Does  not  feel  so  well.  Some 
pulsation  in  neck  and  throb- 
hing  in  abdomen.  Vomited. 
Up  1  hour.  Felt  better  in 
e\ening. 

Up  1  hour.  Slight  rise  of  tempera- 
ture in  the  evening  (99 '4°  F. ). 

Not  feeling  well.     Throbbing    in 
neck    at    times.        Occasional 
sickness.     Slept  badly. 
1-6      Slept   better  last  night. 

Orthopnoea.  Vomited  in  morning. 


Feeling    very    much    better. 
Pain  at  site  of  injection. 
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Urine        ^>ize 
(in  (in 

Drug.  ozs.)     inches).  Remarks 


.■?fl  Slp|it  well   last,  night. 

.3(1       Ij-tii     Slight   cedeina   over    s 
Slept  well. 

28 


Hour  at 

Hear 

WHICH 

RATE 

tkacino 

PER 

Date 

TAKEN. 

MIN. 

Nov. 

7th 

0         p.Ill. 

04 

(1.  15  |);lu. 

104 

().45  p.m. 

102 

.S        ii.ni. 

no 

Sth 

10        a.m. 

130 

0           p. Ml. 

102 

'.ith 

10        a.m. 

00 

,S        p.m. 

04 

loth 

10        a.m. 

00 

2.20  p.m. 

100 

()       p.m. 

138 

nth 

10       a.m. 

100 

2        p.m. 

120 

(i        p.m. 

112 

12th 

2        p.m. 

90 

ti.20  p.m. 

120 

13th 

10       a.m. 

114 

2        p.m. 

100 

()        p.m. 

112 

14th 

1  1        a.m. 

100 

2        p.m. 

100 

S         p.m. 

120 

15th 

10        a.m. 

90 

0        p.m. 

118 

llith 

10        a.m. 

102 

2.10  p.m. 

108 

8.30  p.m. 

130 

17tli 

0.55  a.m. 

110 

0. 15  i).m. 

112 

ISth 

10        a.m. 

118 

2        p.m. 

130 

8        p.m. 

150 

lltth 

5.35  p.m. 

128 

20th 

10        a.m. 

132 

li        p.m. 

134 

21st 

10        a.m. 

138 

8.35  i>.m. 

152 

22iid 

10        a.m. 

148 

2        p.m. 

130 

5.45  p.m. 

148 

23rd 

10       a.m. 

132 

8.10  p.m. 

150 

24th 

10       a.m. 

134 

0        p.m. 

154 

25th 

10.10  a.m. 

158 

8        p.m. 

158 

20th 

2        p.m. 

154 

li           \>.Ui. 

130 

27th 

10        am. 

150 

2.30  p.m. 

14(i 

(i.  10  p.m. 

132 

2Sth 

10        a.m. 

98 

2        p.m. 

84 

8        p.m. 

90 

2!ltli 

10        a.m. 

80 

0.30  ji.m. 

90 

30tli 

10        a.m. 

08 

8.40  p.m. 

78 

Dec. 

1st 

10        a.m. 

70 

8.15  p.m. 

00 

34 
30 

32  Up   1   hour  in  chair. 


34 

Up 

I 

hour. 

42       U 

-0^     Up 

1 

hour. 

47 

Up 

1 

hour. 

38 

Up 

1 

hour. 

32 

26 

Up 
Up 

1 

2 

hour, 
hours. 

22 

Up 

2 

hours. 

36 

Up 

2 

hours. 

32       li-5^    Not  looking  quite  so  well. 

Sleeping  well.     Liver  enlarged 
and  pulsatile. 

28  Up  2  hours. 

36  Up  2  hours.  Slept  hadly  last  night. 

32  Slejit  badly  last  night. 

Up  2  hours. 
20+  Fools  throbbing  in  left    side    of 

chest.     Slept  badly. 


Tr.  Digitalis  1  di.  LooUs  ill       Bed. 

28+  Feeling  better 


Tr.  Digitalis  1  dr. 
Tr.  Digitalis  1  dr. 


30  Slejit  well. 


28       2-Oi      Feels  very  well. 
Tr.  Digitalis.  I  dr.  Up   1   hour. 


Tr.   Digitalis  1  dr. 


34+  Up   1   hour. 
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HouK  AT  Heart 

WHItH  KATE 
TKACINt;  PER 

Date      taken.  min. 

Deo. 


Drug. 


Ukine       Size 

(in  (in 

ozs.)     inches). 


Kemahks. 


2nd 

1 1.2o  a.m. 

(i4 

Tr.  Disitalis  1  dr.        32  + 

3rcl 

()        p.m. 

102 

Tr.  Digitalis  1  dr.        48 
(Total  taken ^7  draehms 

4th 

HI       a.m. 

74 

59 

8.10  11.111. 

70 

jth 

10       a.m. 

88 

34 

S        p.m. 

80 

(ith 

10        a.m. 

82 

30 

0.25  p.m. 

00 

7tli 

10       a.m. 

74 

28 

8        p.m. 

88 

Stii 

10        a.m. 

80 

30 

(i.20p.iii. 

1)2 

'Jtli 

10        a.m. 

80 

30 

0        p.m. 

IMi 

Kith 

2         p.m. 

112 

44 

(J        p.m. 

100 

11th 

10       a.m. 

84 

38 

7.55  p.m. 

8(i 

iL'th 

10        a.m. 

•M 

3(i 

S        p.m. 

102 

i;ith 

10       a.m. 

80 

30 

Ii.45  p.m. 

04 

14th 

10. 10  a.m. 

114 

32 

!l.20p.m. 

118 

1.3tli 

10       a.m. 

84 

32 

8        p.m. 

88 

llJtli 

10        a.m. 

7(1 

32 

8.:i0  p.m. 

I. -id 

17th 

7.3.3  p.m. 

104 

38 

LStli 

10       a.m. 

78 

40 

I'Jtli 

10       a.m. 

'.10 

40 

S        p.m. 

!«) 

L'Oth 

10        a.m. 

110 

30 

8. 10  p.m. 

120 

L'lst 

10.15  a.m. 

,S8 

42 

Vp   1   hour. 
Uji   1   iiour. 

l|i    1    hour. 

L'p    1   liour. 


H  (I 


LP 


2   hiairs. 

lour.s. 

2   hoiir.s. 

Iiours, 

2   iiour.s. 


Up  3  Iiour.s. 

L'p  3  liours. 

L']i  4  liours. 

Feels  well. 

Up  4  hour.s. 

l|i   4  Iiour.s. 

U|.   4   hours. 
Up  .3   hours. 


ij    Oj      .\pp(  Mlalire      healthy. 
Xo    d,\spiia'a.      Feels 
Diseharged  on  December  the  21st,   I'Jll. 


Hell. 
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